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(54) Abstract Title 

Wellbore casing with radially expanded liner extruded off of a mandrel 



(57) A tubular liner 210 and mandrel 205 are positioned within a section of well bore 100 with the tubular liner 
overlapping an existing casing 1 10 if present. A hardenable fluidic material is injected into the section of well 
bore 310 below the level of the nnandrel 205 and into the annular region 315 between the tubular liner and the 
section of the wellbore. The inner and outer regions of the tubular liner are then fluidically isolated by 
introducing a plug 405. A non-hardenable fluidic material 306 is then injected into a portion of the interior of 
the tubular liner 310, below the mandrel, to pressurize it The tubular liner is subsequently extruded off of the 
mandrel. A plurality of tubular members are coupled end to end using expandable threaded connections 4300 
having a seal 4325. 
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EXPANDABLE CONNECTOxv 
Backgroimd of the Invention 
This invention relates generally to wellbore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a vrellbore is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fltiid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled in intervals whereby a 
casing which is to be installed in a lower borehole interval is lowered through a 
previously installed casing of an upper borehole interval. As a consequence of 
10 this procedure the casing of the lower interval is of smaller diameter thao the 
casing of the upper interval. Thus, the casings are in a nested arrangement with 
casing diameters decreasing in downward direction. Cement annuli are 
provided between the outer surfaces of the casings and the borehole wall to seal 
the casings from the borehole wall. As a consequence of this nested 
15 arrangement a relatively large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter involves increased costs due to 
heavy casing handling equipment, large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased drilling rig time is involved 
due to required cement pumping, cement hardening, required equipment 
20 changes due to large variations in hole diameters drilled in the course of the 
well, and the large volume of cuttings drilled and removed. 

ConventionaUy, at the surface &xd of the wellbore, a wellhead is formed 
that typically includes a smrface casing, a number of production and/or drilling 
spools, valving, and a Christmas tree. Typically the wellhead further includes a 
25 concentric arrangement of casings induding a production casing and one or 
more intermediate casings. The casings are typical^ supported using load 
bearing slips positioned above the groimd. The conventional design and 
construction of wellheads is expensive and complex. 

Conventional^, a wellbore casing cannot be formed during the drilling of 
30 aweUbore. T^ically, the wellbore is drilled and then a wellbore casing is 
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formed in the newly drilled section of the wellbore. This delays the completion 
of a well. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming wellbores and wellheads. 
5 Smnmacy of the Invention 

According to one aspect of the present invention, a method of forming a 
weUbore casing is provided ihat includes installing a tubular liner and a 
mandrel in the boreholei injecting fluidic material into the borehole, and 
radially expanding the liner in the borehole by extruding the liner off of the 
10 mandrel. 

According to another aspect of the present invention, a method of 
forming a wellbore casing is provided that includes drilling out a new section of 
the borehole adjacent to the abready existing casing. A tubular liner and a 
mandrel are then placed into the new section of the borehole with the tubular 

15 liner overlapping an already existing casing. A hardenable fluidic sealing 
material is injected into an annular region between the tubular liner and the 
new section of the borehole. The aimular region between title tubular liner and 
the new section of the borehole is then fluidicly isolated from an interior region 
of the tubular liner below the mandrel A non hardenable fluidic material is 

20 then injected into the interior region of the tubular liner below the mandrel. 
The tubular liner is extruded off of the mandrel. Tbe overlap between the 
tiibular liner and the already existing casing is sealed. The tubular liner is 
supported by overlap with the already existing casing. The mandrel is removed 
from the borehole. The integrity of the seal of the overlap between the tubular 

25 Uner and tiieabeady existing casing is tested At least a portion of the sec^ 
quantity of the hardenable fluidic sealing material is removed from the interior 
of the tubular liner. The remaining portions of the fluidic hardenable fluidic 
sealing material are cured. At least a portion of cured fluidic hardenable sealing 
material within the tubular hner ia removed. 

30 According to another aspwt of the present invention, an apparatus for 

expanding a tubtdar member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support membo^ includes a first 
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fluid passage. The mandrel is coupled to the support member and includes a 
second fluid passage. The tubular menlber is coupled to the mandrel. The shoe 
is coupled to the tubular liner and includes a third fluid passage. The first, 
second and third fluid passages are operably coupled. 
5 According to another aspect of the present uivention, an apparatus for 

expanding a tubular member is provided that includes a support member, an 
expandable mandrel, a tubular member, a shoe, and at least one sealing 
member. The support member includes a first fluid passage, a second fluid 
passage, and a flow control valve coupled to the first and second fluid passages. 

10 The expandable mandrel is coupled to the support member and includes a third 
fluid passage. The tubtilar member is coupled to the mandrel and includes one 
or more sealing elements. The shoe is coupled to the tubular member and 
includes a fourth fluid passage. The at least one sealing member is adapted to 
prevent the entry of foreign material into an interior region of the tubular 

15 m^nber. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular memb^ 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positioning a mandrel vdthin an interior 
20 region of the second tubular member. A portion of an interior r^on of the 
second tubidar member is pressurized and the second tubular member is 
extruded ofif of the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
25 at an end portion of the annular member, and one or more pressure relief 
passages at an &id portion of the annular member • 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an annular body of a cured fluidic 
sealing materiaL The tubular liner is formed by the process of extruding the 
30 tubular liner ofif of a mandrel 

According to another aspect of the present invention, a tie-back liner for 
Knmg an existing wellbore casing is provided that includes a tubular liner and 
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an annular body of cured fluidic sealing material. The tabular liner is formed 
by the process of extruding the tabular liner off of a mandrel. The annnlflr 
body of a cured fliddic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
5 expanding a tubxilar member is provided that includes a support member, a 
mandrel, a tubtdar member and a shoe. The support member includes a first 
fluid passage. The mandrel is coupled to the support member. The mandrel 
indudes a second fluid passage operably coupled to the first fluid passage, an 
interior portion, and an exterior portion. The interior portion of the mandrel is 

10 drillable. The tubular member is coupled to the mandrel. The shoe is coupled 
to the tubular member. The shoe includes a third fltud passage operably 
coupled to the second fluid passage, an interior portion, and an e}d;erior portion. 
The interior portion of the shoe is drillable. 

According to another aspect of the present invention, a wellhead is 

15 provided that indudes an outer casing and a plurality of concentric inner 
casings coupled to the outer casing. Each inner casing is supported by contact 
pressture between an outer surface of the inner casing and an inner surface of 
the outer casing. 

According to another aspect of the present invention, a wellhead is 
20 provided that include an outer casing at least partially positioned within a 

wellbore and a plurality of substantially concentric inner casings coupled to the 
interior surface of the outer casing. One or more of the inner casings are 
coupled to the outer casing by expanding one or more of the inner casings into 
contact with at least a portion of the interior surface of the outer casing. 
25 According to another aspect of tbe present invmtion, a method of 
forming a wellhead is provided that indudes drilling a wdlbore. An outer 
casing is positioned at least partially within an upper portion of the wellbore. A 
first tubular member is positioned within the outer casing. At least a portion of 
the first tubidar member ia expanded into contact wi^ an interior surface of 
30 the outer casing. A second tubular member is positioned within the outer 
casing and the first tubular member. At least a portion of the second tubular 
member is expanded into contact with an interior portion of the outer casing. 
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According to another aspect of the present invention, an apparatus is 
provided that indudes an outer tubular member, and a plurality of 
substantially concentric and overlapping inner tubular members coupled to the 
outer tubular member. Each inner tubular member is supported by contact 
5 pressure between an outer surface of the inner casing and an inner surface of 
the outer inner tubular member. 

According to another aspect of the present inv^mtion, an apparatus is 
provided that includes an outa tubular memb^, and a plurality of 
substantially concentric inner tubular members coupled to the interior smface 
10 of the outer tubular member by the jwrocess of expanding one or more of the 
inner tubular members into contact vdth at least a portion of the interior 
surface of the outer tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member, and a second tubular member 
15 coupled to the first tubular member in an overlapping relationship. The inner 
diameter of the first tubular member is substantially equal to the inner 
diameter of the second tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular member including at least one thin wall section 
20 and a thick wall section, and a compressible annular member coupled to each 
thin wall section. 

According to another aspect of the present invention, a method of 
creating a casing in a borehole located in a subterranean formation is provided 
that includes supporting a tubular liner and a mandrel in the borehole using a 
25 support monber. A fluidic material is injected into the borehole. An interior 
r^on of the mandrel is pressurized. A portion of the mandrel is displaced 
relative to the support member. The tubular hner is expanded. 

According to another aspect of the present invmtion, a wellbore casing is 
provided that includes a first tubular member having a first inside diameter, 
30 and a second tubular member having a second inside diameter substantially 
equal to the first inside diameter couple to the first tubular member in an 
overlapping relationship. The first and second tubular members are coupled by 
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the process of deforming a portion of the second tubular member into contact 
with a portion of the first tubular member 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member 
5 including a fluid passage, a mandrel movably coupled to the support member 
including an expansion cone, at least one pressure chamber defined by and 
positioned between the support member and mandrel fluididy coupled to the 
first fluid passage, and one or more releasable supports coupled to the support 
member adapted to support the tubular member. 

10 According to another aspect of the present invmtion, an apparatus is 

provided that includes one or more solid tubular members, each solid tubular 
member including one or more external seals, one or more slotted tubular 
members coupled to the solid tubular members, and a shoe coupled to one of the 
slotted tubular members. 

15 According to another aspect of the present invention, a method of joining 

a second tubular member to a first tubular member, the first tubtdar member 
having an inner diameter greater than an outer diameter of the second tubular 
member is provided that includes positioning a mandrel within an interior 
region of the second tubular member. A portion of the interior region of the 

20 mandrel is pressurized. The mandrel is displaced relative to the second tubular 
member. At least a portion of the second tubular member is extruded off of the 
mandrel into engagement with the first tubular member. 

According to anothw aspect of the present invention, an apparatus is 
provided that includes one or more primary solid tubulars, each primary solid 

25 tubular including one or more external annular seals, n slotted tubtdars coupled 
to the primary solid tubulars, n-1 intermediate solid tubulars coupled to and 
interleaved among the slotted tubulars, each intermediate solid tubular 
including one or more external atintilflr seals, and a shoe coupled to one of the 
slotted tubulars. 

30 According to anoth^ aspect of the presmt invention, a method of 

isolating a first subterranean zone from a second subterranean zone in a 
wellbore is provided that includes positioning one or more primary solid 
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tubulars within the wellbore, the primary solid tubulars traversing the first 
subterranean zone. One or more slotted tubulars are also positioned within the 
wellbore, the slotted tubulars traversing the second subterranean zone. The 
slotted tubulars and the solid tubulars are fluididy coupled. The passage of 
5 fluids from the first subterranean zone to the second subterranean zone within 
the wellbore external to the solid and slotted tubulars is prevented. 

According to another aspect of the present invention^ a metiiod of 
extracting materials from a producing subterranean zone in a wellbore, at least 
a portion of the wellbore induding a casing, is provided that includes 

10 positioning one or more iirimaxy solid tubulars within the wellbore. The 
primary solid tubulars with the casing are fluidicty coupled. One or more 
slotted tubulars are positioned within the wellbore, the slotted tubulars 
traversing the producing subterranean zone. The slotted tubiilars are fluididy 
coupled with the solid tubulars. The produdng subterranean zone is fluididy 

15 isolated from at least one other subterranean zone within the wellbore. At least 
one of the slotted tubulars is fluididy isolated from the producing subterranean 
zone. 

According to another aspect of the present invention, a method of 
creating a casing in a borehole while also drilling the borehole is also provided 

20 that indudes installing a tubular liner, a mandrel, and a drilling assembly in 
the borehole. A fluidic material is injected within the tubular liner, mandrel 
and drilling assembly. Atleastaportionof the tubular liner is radially 
expanded while the borehole is drilled using the drilling assembly. In a 
prefiBrred embodiment^ the ii^ecting indudes injecting the fluidic material 

25 within an expandable chamber. 

According to another aspect of Ihe present invention, an apparatus is 
also provided that indudes a support meoiber, the support member induding a 
first fluid passage; a mandrel coupled to the support mCTober, the mandrel 
induding: a second fluid passage; a tubular member coupled to the mandrel; 

30 and a shoe coupled to the tubidar liner, the shoe induding a third fluid passage; 
and a drilling assemblt7 coupled to the shoe; wherdn the first, second and third 
fluid passages and the drilling assembfy are operab^ coupled. 
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According to anotiier aspect of the present invention, a method of 
forming an underground pipeline within an imderground tunnel including at 
least a first tubular member and a second tubular member, the first tubular 
member having an inner diameter greater than an outer diameter of the second 
5 tubular member, is also provided that includes positioning the first tubular 
member within the tunnel; positioning the second tubular member within the 
tunnel in an overlapping relationship with the first tubular member; 
positioning a mandrel and a drilling assembly within an interior region of the 
second tubular member; injecting a fluidic material within the mandrel, drilling 

10 assembly and the second tubular member; e3ctruding at least a portion of the 
second tubular member off of the mandrel into engagement with the first 
tubular member; and drilling the tunnel. 

According to another aspect of the present invention, an apparatus is 
also provided that includes a wellbore, the wellbore formed by the process of 

15 drilling the wellbore; and a tubvdar liner positioned within the wellbore, the 
tubular Uaer formed by the process of extruding the tubular liner off of a 
mandrel while drilling the wellbore. In a prefimred embodiment, the tubidar 
liner is formed by the process of: pladng the tubular liner and mandrel within 
the wellbore; and pressurizing an interior portion of the tubidar liner. 

20 According to another aspect of the present invention, a method of 

forming a wellbore casing in a wellbore is also provided that includes drilling 
out the wellbore while forming the wellbore casing. 

According to another aspect of the present invention, a method of 
expanding a tubular memb^ is provided that includes placing a mandrel within 

25 the tubular member, pressurizing an annular region within the tu^ 

member, and displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, a method of 
coupling a tubular member to preexisting structure is provided that includes 
positioning the tubular member in an overlapping relationship to the 

30 preexisting structure; placing a mandrel within the tubular member, 

pressurizing an anmilar region witiiin the tubular mi^nber, and displacing the 
mandrel witii respect to the tubidar member. 
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According to another aspect of the present invention, a method of 
repairing a defect in a pree3dsting structure using a tubular member is provided 
that includes positioning the tubular member in an overlapping relationship to 
the defect in the preexisting structure, placing a mandrel within the tubular 
5 member, pressurizing an anntdar region within the tubular member, and 
displacing the mandrel with respect to the tubidar member. 

According to anotiier aspect of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular 
member, a second tubular member positioned within the first tubular member, 
10 a third tubular member movable coupled to and positioned within the second 
tubidar member, a first annular sealing member for sealing an interface 
between the first and second tubular members, a second flrni nlftT sealing 
member for sealing an interface between the second and third tubular 
members, and a mandrel positioned within the first tubidar member and 
15 coupled to an end of the third tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes a tubidar member, a piston adapted to e3q)and the 
diameter of the tubular member positioned within the tubular member, and an 
annular chamber defined by the piston and tubular member^ The piston 
20 includes a passage for conveying fluids out of the tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member and a second tubular member 
coupled to the first tubular member. The second tubular member is coupled to 
the first tubular member by the process of: positioning the second tubular 
25 member in an overlapping relationship to the first tubular member, placing a 
mandrel within tiie second tubular member, pressurizing an flnmilar region 
within the second tubular member, and displacing the mandrel with respect to 
the second tubidar member. 

According to anotlier aspect of tiie present invention, an apparatus is 
30 provided tiiat includes a preexisting structure and a tubular member coupled to 
the preexisting structure. The tubular memb^ is coupled to the preexisting 
structure by the i»rocess of: positioning tixe tubular member in an overlapping 
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relationship to the preeadsting structure, placing a mandrel within the tubular 
member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, an apparatus is 
5 provided that includes a preexisting structure having a defective portion and a 
tubular m^nber coupled to the defective portion of the preexisting structure. 
The tubular member is coupled to the defective portion of the preexisting 
stracture by the process of: positioning the tubular member in an overlapping 
relationship to the defect in the preexisting structure, placing a mandrel within 

10 the tubular member, pressurizing an annular region within the tubular 
member, and displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, a method of 
expanding a tubular member is provided that includes placing a mandrel within 
the tubular member, pressurizing a region within the tubular member; and 

15 displacing the mandrel vvitb respect to the tubular member. 

According to another aspect of the present invmtion, a method of 
coupling a tubular m^xiber to preexisting structure has been provided that 
includes positioning the tubular member in an overlapping relationship to tiie 
preexisting structure, placing a mandrel within the tubular meniber, 

20 pressurizing an interior region within the tubular member, and displacing the 
mandrel with respect to the tubular member. 

According to another aspect of the preset invention, a method of 
repairing a defect in a preexisting structure using a tubular meniber is provided 
that includes positioning the tubular member in an overlapping relationship to 

25 the defect m the preexistmg structure, placing a niandrelwith^ 

member, pressurizing an interior region within the tubular member, and 
displacing the mandrel with respect to the tubtilar member. 

According to another aspect of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular 

30 member, asecond tubular member coupled to the first tubular member, a third 
tubular member couple to the second tubular member, and a mandrel 
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positioned within the second tubtdar member and coupled to an end portion of 
the third tubidar member. 

According to another aspect of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the 
5 diameter of the tubular memb^ positioned within the tubular member, the 
piston induding a passage for conve3dng fluids out of the tubular member. 

According to another aspect of the preset invention, a wellbore casing is 
provided that includes a first tubular member and a second tubular member 
coupled to the first tubular member. The second tubular member is coupled to 

10 the first tubular memb^ by the process of: positioning the second tubular 
member in an overleaping relationship to the first tubular member, placing a 
mandrel within the second tubular member, pressurizing an interior region 
i^thin the second tubular member, and displacing the mandrel with respect to 
the second tubular member. 

15 According to another aspect of the present invention, an apparatus is 
provided that includes a pre^dsting structure and a tubular member coupled to 
the preexisting structure. The tubular member is coupled to the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
relationship to the preexisting structure; placing a mandrel within the tubular 

20 member; pressurizing an interior region within the tubular member; and 
displacing the mandrel with respect to the tubidar member. 

According to another aspect of the prweat inv^taon, an apparatus is 
provided that includes a preexisting structure having a defective portion and a 
tubular member coupled to the defective portion of the preexisting structure. 

25 The tubular member is coupled to the defective portion of the preexisting 
structure by the iirocess of: positioning the tubular mmiber in an overlapping 
relationship to the defect in the preexisting structure, placing a mandrel within 
the tubular member, pressurizing an intoior r^on within the tubidar 
member, and diq>lacing the mandrel with respect to the tubidar member. 

30 According to another aspect of the invention, an apparatus is provided 

that includes a first tubular member, a second tubular member, and a threaded 
connection for coupling the first tubular member to the second tubular 
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member. The threaded comxection includes one or more sealing members for 
sealing the interface between the first and second tubular members. 

According to another aspect of the present invention^ an £q)paratus is 
provided that includes a tubular assembly having a first tubular member, a 
5 second tubular member, and a threaded connection for coupling the first 
tubular member to the second tubtilar member. The threaded comiection 
includes one or more sealing members for sealing the interface between the first 
and second tubtdar members. The tubular assembly is formed by the process of 
radially expanding the tubular assembly. 
10 According to another aspect of the present invention, an apparatus is 

provided tiiat includes a tubular member and a mandrel positioned within the 
tubular member that includes a conical surface have an angle of attack ranging 
&om about 10 to 30 degrees. 

Brief Description of the Drawings 
15 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a 

new section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of 
an embodiment of an apparatus for creating a casing within the new section of 
the well borehole. 

20 FIG. 3 is a firagmentary cross-sectional view illustrating the injection of a 

first quantity of a fluidic material into the new section of the well borehole. 
FIG. 3a is another firagmentaiy cross-sectional view illustrating the 

injection of a first quantity of a hardenable fluidic sealing material into the new 

section of the well borehole. 
25 FIG. 4 is a firagmentaiy cross-sectional view illustrating the injection of a 

second quantity of a fluidic material into the new section of the well borehole* 
FIG. 5 is a firagmentaiy cross-sectional view illustratizig the drilling out 

of a portion of the cured hardraable fluidic sealing material from the new 

section of the well borehole. 
30 FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 

between adjacent tubular members. 
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FIG. 7 is a fragmentaiy cross-seciional view of a prrferred embodiment 
of the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentaiy cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 
5 FIG. 9 is a cross-sectional iUustxation of a preferred embodiment of an 

apparatus for forming a casing including a drillable mandrel and shoe. 

FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
10 FIG. 10a is a cross-sectional illustration of a wellbore inchiding a pair of 

adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandable tubular naember. 

FIG. 10c is a cross-sectional illustration of the ptmiping of a fluidic 
15 sealing material into the anmilar region between the tubtilar member and the 
existing casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the 
interior of the tubular member below the mandrel. 

FIG. lOe is a cross-sectional illustration of the extrusion of the tubular . 
20 member off of the mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back liner before 
drilling out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-bad^ liner 
created using an expandable tubular member. 
25 FIG. 11a is a firagmentaxy cross-sectional view illustrating the drilling of 

a new section of a well borehole. 

FIG. lib is a fcagpientsry cross-sectional view illustrating the plac^ent 
of an embodiment of ani^paratus for hanging a tubular liner within the new 
section of the well borehole. 
30 FIG. 11c is a fragmentaiy cross-sectional view illustrating the injection of 

a first quantity of a hardenable fluidic sealing material into the new section of 
the well borehole. 
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FIG. lid is a fragmentary cross-sectional view illustrating the 
introduction of a wiper dart into the new section of the well borehole. 

FIG. lie is a fragmentary cross-sectional view illustrating the injection of 
a second quantity of a hardenable fluidic sealing material into the new section 
5 of the well borehole. 

FIG. llf is a fragmentaiy cross-sectional view illustrating the completion 
of the tubular liner. 

FIG. 12 is a cross-sectional illustration of a preferred embodiment of a 
wellhead system utilizing expandable tubular members. 
10 FIG. 13 is a partial cross-sectional illustration of a preferred embodiment 

of the wellhead system of FIG. 12. 

FIG. 14a is an illustration of the formation of an embodiment of a mono- 
diameter wellbore casing. 

FIG. 14b is another illustration of the formation of the mono-diameter 
15 wellbore casing. 

FIG. 14c is anotiier iUuslxation of the formation of the mono-diameter 
wellbore casing. 

FIG. 14d is another illustration of the formation of the mono-diameter 
welbore casing. 

20 FIG. 14e is another illustration of the formation of the mono-diameter 

welbore casing. 

FIG. 14f is another illustration of the formation of the mono-diameter 
welbore casing. 

FIG. 15 is an illustration of an ^nbodiment of an apparatus for 
25 expanding a tubular member. 

FIG. 15a is another illustration of tiie apparatus of FIG. 15. 
FIG. 15b is another illustration of the apparatus of FIG. 15. 
FIG. 16 is an illustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. 
30 FIG. 17 is an illustration of an embodiment of an apparatus for 

expanding a tubular member. 

FIG. 17a is another illustration of the apparatus of FIG. 16. 
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FIG. 17b is another illustration of the apparatus of FIG. 16. 

FIG. 18 is an iUustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. 

FIG. 19 is an illustration of another embodiment of an apparatus for 
5 expanding a tubular member. 

FIG. 19a is another illustration of the apparatus of FIG. 17. 

FIG. 19b is another illustration of the apparatus of FIG. 17. 

FIG. 20 is an iUustration of an embodiment of an apparatus for fomung a 
mono-diameter wellbore casing. 
10 FIG. 21 is an illustration of the isolation of subterranean zones using 

expandable tubulars. 

FIG. 22a is a firagmentary cross-sectional illustration of an embodiment 
of an apparatus for forming a wellbore casing while drilling a welbore. 

FIG. 22b is another firagmentary cross-sectional illustration of the 
15 apparatus of FIG. 22a. 

FIG. 22c is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 22a. 

FIG. 22d is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 22a. 
20 FIG. 23a is a fragmentary cross-section illustration of an embodiment of 
an ^paratus and method for expanding tubular members. 

FIG. 23b is another firagmentary cross-sectional illustration of the 
apparatus of FIG. 23a. 

FIG. 23c is another firagmentary cross-sectional illustration of the 
25 apparatus of FIG. 23a. 

FIG. 24a is a firagmentary cross-section illustration of an embodiment of 
an apparatus and metiiod for e^^anding tubidar members. 

FIG. 24b is another firagmentary cross-sectional illustration of the 
apparatus of FIG. 24a. 
30 FIG. 24c is another fragmentary cross-sectional iDustration of the 

apparatus of FIG. 24a. 
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FIG. 24d is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 24a. 

FIG. 24e is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 24a. 
5 FIG. 25 is a partial cross-sectional illustration of an expansion mandrel 

expanding a tubular member. 

FIG. 26 is a graphical illustration of the relationship between 
propagation pressure and the angle of attack of the expansion mandrel. 
FIG. 27 is a cross-sectional illustration of an embodiment of an 
10 expandable connector. 

FIG. 28 is a cross-sectional illustration of another embodiment of an 
expandable connector. 

FIG. 29 is a cross-sectional illustration of another embodiment of an 
expandable connector. 
15 FIG. 30 is a cross-sectional illustration of anoth^ embodiment of an 

expandable connector. 

Detailed Description of the Illustrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The s^paratus and method permits a 
20 wellbore casing to be formed in a subterranean formation by placing a tubular 
member and a mandrel in a new section of a wellbore, and then ^trading the 
tubtdar member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubidar 
members in the wellbore to be joined using an overtyping joint that prevents 
25 flidd and or gas passage. The apparatus and method furtlier permits a new 
tubidar member to be supported by an existii^ tubular member by expanding 
the new tubular member into engagement with the existing tubular member. 
The apparatus and method further minimizes the reduction in the hole size of 
the wellbore casing necessitated by the addition of new sections of wellbore 
30 casing. 

An apparatus and method for forming a tie-back liner using an 
expandable tubular member is also provided. The iq>paratus and method 
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p^mits a tie-back liner to be created by exiaruding a tubular member off of a 
mandrel by pressurizing and interior portion of the tubular member. In this 
maimer, a tie-back liner is produced The apparatus and method further 
permits adjacent tubular members in the wellbore to be joined using an 
5 overlapping joint that prevents fluid and/or gas passage. The apparatus and 
method further permits a new tubular member to be supported by an existing 
tubular member by expanding the new tubular member into engagement with 
the existing tabular member. 

An apparatus and method for expanding a tubular member is also 

10 provided tiiat indudes an expandable tubular member^ niandrel and In 
a preferred embodiment^ the interior portions of the apparatus is composed of 
materials that permit the interior portions to be removed using a conventional 
drilling apparatus. In this manner, in the event of a malfunction in a downhole 
region, the apparatus may be easily removed. 

15 An apparatus and method for hanging an expandable tubular liner in a 

wellbore is also provided. The apparatus and method permit a tubular liner to 
be attached to an existing section of casing. The apparatus and metiiiod fiuiber 
have application to the joining of tubular members in general. 

An apparatus and method for forming a wellhead system is also provided. 

20 The apparatus and method permit a wellhead to be formed including a number 
of expandable tubular memb^ positioned in a concentric arrangement. The 
wellhead preferably includes an outer casing that supports a pliu^ty of 
concentric casings using contact pressure between the inner casings and the 
outer casing. The resulting wellhead system eliminates many of tlie spools 

25 conventionally required, reduces the hei^t of the Christmas tree facilitating 
servicing, lowers the load bearing areas of the wellhead resulting in a more 
stable system, and eliminates costlb^ and expensive hanger systems. 

An apparatus and method for forming a mono-diameto' well casing is 
also provided. The apparatus and method permit the creation of a well casing 

30 in a wellbore having a substantially constant internal diameter. In this 
manner, the operation of an oil or gas well is greatly simplified. 
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An apparatus and method for expanding tubular members is also 
provided. The apparatus and method utilize a piston-<ylinder configuration in 
which a pressurized chamber is used to drive a mandrel to radially expand 
tubular members. In thia maimer, higher operating pressures can be utilized. 
6 Throughout the radial expansion process, the tubular member is never placed 
in direct contact with the operating pressiurra. In this manner, dantiage to the 
tubular memb^ is prevented while also permitting controlled radial expansion 
of the tubular member in a wellbore* 

An apparatus and method for forming a mono-diameter wellbore casing 

10 is also provided The apparatus and method utilize a piston-cylinder 

configuration in which a pressurized chamber is xised to drive a mandrel to 
radially expand tubular members. In this manner, higher operating pressiures 
can be utilized. Throu^put the radial expansion process, the tubtdar member 
is never placed in direct contact with the operating pressures. In this manner, 

15 damage to the tubular member is prevented while also permitting controlled 
radial expansion of the tubular member in a wellbore. 

An apparatus and method for isolating one or more subterranean zones 
fi-om one or more other subterranean zones is also provided. The apparatus 
and method permits a producing zone to be isolated from a nonprodudng zone 

20 using a combination of solid and slotted tubulars. In the production mode, the 
teachings of the present disclosure may be used in combination vnth 
conventional, well known, production completion equipment and methods using 
a series of packers, solid tubing, perforated tubing, and sliding sleeves, which 
will be inserted into Ihe disclosed apparatus to permit the commingling and/or 

25 isolation of the subterranean zones firom each other. 

An apparatus and method for forming a wellbore casing while the 
wellbore is drilled is also provided. In this manner, a wellbore casing can be 
formed simultaneous with tiie drilling out of a new section of the wellbore. In a 
preferred embodiment, the apparatus and method is used in combination with 

30 one or more of the apparatus and methods disclosed in the present disdosinre 
for formmg wellbore casings using expandable tubulars. Alternatively, the 



.18- 



25791^.02 



method and apparatus can be used to create a pipeline or tunnel in a time 
e£5cient manner. 

An expandable connector is also provided. In a preferred 
implementation, the ^pandable connector is used in conjunction with one or 
5 more of the disclosed embodiments for expanding tubular membeirs* In this 
manner, tke expansion of a plurality of tubttlar memb»s coupled to one 
another using the expandable connector is optimized. 

In several alternative embodiments, the apparatus and methods are used 
to form or repair wellbore casings, pipelines, and/or structural supports. 
10 Referring initially to Figs. 1-5, an embodiment of an apparatus and 

method for forming a wellbore casing within a subterranean formation will now 
be described. As illustrated in Fig. 1, a wellbore 100 is positioned in a 
subterranean formation 105. The wellbore 100 includes an existing cased 
section 110 having a tubular casing 115 and an annular outer layer of cement 
15 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As Olustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 

20 a subterranean formation is tiien positioned in the new section 130 of the 

wellbore 100. The apparatus 200 preferably includes an expandable mandrel or 
pig 205, a tubular member 210, a shoe 215, a lower cup seal 220, an upper cup 
seal 225, afluid passage 230, a fluid passage 235, a fluid passage 240, seals 245, 
and a support niember 250. 

25 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The eqmndable mandrel 205 is preferabfy adapted to controUabfy 
expand in a radial direction^ The expandable mandrel 205 may comprise any 
number of conventional conun^xially available eaq>andable mandrels modified 
in accordance with the teachings of the preset disclosure. In a preferred 

30 embodiment, the expandable mandrel 205 comprises a hydraulic expansion tool 
as disclosed in U.S. Patent No* 5,348,095, the contents of v^hich are 
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incorporated herein by reference, modified in accordance witii the teachings of 
the present disclosure. 

The tubular member 210 is supported by the expandable mandrel 205. 
The tubular member 210 is expanded in the radial direction and extruded off of 
5 the expandable mandrel 205* The tubular member 210 may be fabricated from 
any number of conventional commercially available materials such as, for 
example, Oilfield Countzy Tubular Goods (OCTG), 13 chromium steel 
tubing/casing, or plastic tubing/casing. In a preferred €»nbodiment, the tubular 
member 210 is fabricated from OCTG in order to maximize strength after 

10 expansion. Theinner and outer diameters of the tubular member 210 may 
range, for example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the inner and outer diameters of the 
tubular member 210 range from about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide minimal telescoping effect in the most 

15 commonly drilled wellbore sizes. The tubular member 210 preferably comprises 
a solid member. 

In a preferred embodiment^ the end portion 260 of the tubular member 
210 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 205 when it completes the extrusion of tubular member 210. In a 

20 preferred embodiment, the length of the tubular member 210 is limited to 

minimize the possibility of buckling. For typical tubular member 210 materials, 
the length of the tubular member 210 is preferably limited to between about 40 
to 20,000 feet in length. 

The shoe 215 is coupled to Hie expandable mandrel 205 and the tubular 

25 member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 
example. Super Seal II float shoe. Super Seal 11 Down-Jet float shoe or a guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the prraent disclosure. In a preferred ^nbodiment, the shoe 215 

30 comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down plug available from Halliburton En^gy Services in Dallas, TX, modified 
in accordance with the teachiags of the present disclosure, in order to optimally 
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guide the tubular member 210 in the wellbore, optimally provide an. adequate 
seal between the interior and esterior diameters of the overlapping joint 
between the tubular members, and to optimally allow the complete drill out of 
the shoe and plug after the completion of the cementing and expansion 
5 operations. 

In a preferred embodiment^ the shoe 215 includes one or more through 
and side outlet ports in fluidic communication with the fluid passage 240. In 
this manner, tixe shoe 215 optimally injects hardenable fliddic sealing material 
into the region outside the shoe 215 and tubular member 210. In a preferred 

10 embodiment) the shoe 215 includes the fluid passage 240 having an inlet 

geometry that can rec^ve a dart and/or a ball sealing member. In this noianner, 
the fluid passage 240 can be optimally sealed off by introducing a! plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The lower cup seal 220 is coupled to and supported by the support 

15 membCT250. The lower cup seal 220 prevents foreign materials from enta±ig 
the interior region of the tubular member 210 acQacent to the expandable 
mandrel 205. The lower cup seal 220 may comprise any niunber of 
conventional commercially available cup seals such as, for example, TP cups, or 
Selective Injection Packer (SIP) cups modified in accordance with the teachings 

20 ofthe present disclosure. In a prefmred embodiment, the lower cup seal 220 
comprises a SIP cup seal, available from Halliburton Energy Services in Dallas, 
TX in order to optimally block foreign material and contain a body of lubricant. 

The upper cup seal 225 is coupled to and supported by the support 
member 250. The upper cup seal 225 prevents foreign materials from entering 

25 theinteriorregionof the tubular member 210. The upper cup seal 225 may 
conqsrise any number of conventional commercially available cup seals such as, 
for example, TP cups or SIP cups modified in accordance with the teachings of 
the present disdosture. In a preferred embodiment, the upper cup seal 225 
comprises a SIP cup, available from Halliburton Energy Services in Dallas, TX 

30 in order to optimally block the entry of foreign materials and contain a body of 
lubricant. 
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The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 below the expandable 
mandrel 205. The fluid passage 230 is coupled to and positioned within the 
support member 250 and the expandable mandrel 205. The fluid passage 230 
5 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 205. The fluid passage 230 is preferably positioned along a 
centerline of the s^paratus 200. 

The fluid passage 230 is preferably selected, in the casing running mode 
of operation, to transport materials such as drilling mud or formation flidds at 
10 flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to minimize drag on the tubular member being run and to 
minimize surge pressures exerted on the wellbore which could cause a loss of 
wellbore fluids and lead to hole collapse. 

The fluid passage 235 permits fluidic materials to be released from the 
15 fluid passage 230. In this manner, during placement of the apparatus 200 
within the new section 130 of the wellbore 100, fluidic materials 255 forced up 
the fliiid passage 230 can be released into the wellbore 100 above the tubtdar 
member 210 thereby minimizing surge pressures on the wellbore section 130. 
The fluid passage 235 is coupled to and positioned within the support member 
20 250. Thefliudpassageisfurtherfluididy coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controUably 
opening and closing the flmd passage 235. In a preferred embodiment, the 
control valve is pressure activated in order to controUably minimize surge 
pressures. The fluid passage 235 is preferably positioned substantially 
25 orthogonal to the centerline offliei4>paratus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gallons^odnute and 0 to 
9,000 psi in ord» to reduce tiie drag on the apparatus 200 during ins^iaon into 
the new section 130 of the wellbore 100 and to minimize surge pressures on the 
30 new wellbore section 130. 

The fluid passage 240 permits fluidic mat^als to be transported to and 
from the r^on exterior to the tabular member 210 and shoe 215. The fluid 
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passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
expandable mandrel 205* The flxiid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 
5 240 to thereby block further passage of fluidic materials. In this mann^, the 
interior region of the tubular member 210 below the expandable mandrel 205 
can be fluididty isolated from the region exterior to the tubular member 210. 
This permits the intOTor region of the tubular member 210 below the 
expandable mandrel 205 to be pressurized. The fluid passage 240 is preferably 

10 positioned substantially along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressiures ranging from about 
0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimal^ fill the 
annular region between the tubular member 210 and the new section 130 of the 

15 weUbore 100 with fluidic materials. In a preferred embodiment^ the flmd 
passage 240 includes an inlet geometry that can recmve a dart and/or a ball 
sealing member. In this manner, the fltud passage 240 can be sealed off by 
introducing a plug, dart and/or ball sealing elem^ts into the fluid passage 230. 
The seals 245 are coupled to and supported by an ^d portion 260 of the 

20 tubular member 210. The seals 245 are further positioned on an outer stirface 
265 of the end portion 260 of the tubidar member 210. The seals 245 permit 
the overlapping joint between the end portion 270 of the casing 115 and the 
portion 260 of the tubular mraiber 210 to be fluididy sealed. The seals 245 
may comprise any numb^ of conventional commercially available seals such as, 

25 for example, lead, rubber, Teflon, or epoxy seals modified in accordance with 
the teachings of the preset disclosure. In a pr^erred embodiment, the seals 
245 are molded firom Stratalock epoxy available bom Halliburton Energy 
Services in Dallas, TX in ordw to optimally provide a load bearing interference 
fit between the end 260 of the tubiilar member 210 and the end 270 of the 

30 existing casing 115. 

In a preferred embodiment^ the seals 245 are selected to optimally 
provide a sufficient fiiddonal force to support the expanded tubular member 
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210 £rom the existing casing 115. In a preferred embodiment, the firictional 
force optimally provided by the seals 245 ranges from about 1,000 to 1,000,000 
Ibf in order to optimal^ support the expanded tubular member 210. 

The support member 250 is coupled to the expandable mandrel 205, 
5 tubular member 210, shoe 215, and seals 220 and 225. The support meniber 
250 preferably comprises an annular member having sufficient strength to 
cany the apparatus 200 into the new section 130 of the wellbore 100. In a 
preferred embodiment, the support member 250 fiirther includes one or more 
conventional centralizers (not illustrated) to help stabilize the apparatus 200. 

10 In a preferred embodiment, the support member 250 comprises coiled tubing. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In this manner, the extrusion of the tubtdar member 210 
off of the expandable mandrel 205 is facilitated. The lubricant 275 may 

15 comprise any number of conventional commercially available lubricants such 
as, for example, Lubriplate, chlorine based lubricants, oil based lubricants or 
Climax 1500 Antisieze (3100). In a preferred embodiment, the lubricant 275 
comprises Climax 1500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. in Hoxiston, TX in order to optimally provide optimum 

20 lubrication to fadliate the expansion process. 

In a preferred embodiment, the support member 250 is thorou^y 
cleaned prior to assembly to tiie remaining portions of the apparatus 200. In 
this manner, the introduction of foreign material into the ^]>aratus 200 is 
minimized. This minimizes the possibility of foreign material dogging the 

25 various flow passages and valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the ^paratus 200 
within the new section 130 of the wellbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located witJiin tiie 
weUbore 100 that mi^t clog up the various flow passages and valves of the 

30 apparatus 200 and to ensure that no foreign matCTial interferes witii the 
expansion process. 
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As illustrated in Fig. 3, the fluid passage 235 is then dosed and a 
hardenable fluidic sealing material 305 is then pumped from a surface location 
into the fluid passage 230. The material 305 then passes from the fluid passage 
230 into the interior region 310 of the tubular member 210 below the 
5 expandable mandrel 205. The material 305 then passes from the interior region 
310 into the fluid passage 240. The material 305 then exits the apparatus 200 
and fills the annular region 315 between the exterior of the tubular member 
210 and the interior wall of the new section 130 of the weUbore 100. Continued 
pumping of the material 305 causes the material 305 to fill up at least a portion 

10 ofthe annular region 315. 

The material 305 is jireferably pumped into the annular region 315 at 
presstn*es and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
ly500 gallons/min, respectively. The optimum flow rate and operating 
pressures vary as a function of the casing and wellbore sizes, wellbore section 

15 length, available pumping equipmmt^ and fluid properties of the fluidic 
material being pumped. The optimum flow rate and operating pressure are 
preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such 

20 as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 
210 while also maintaining optimum flow diaracteristics so as to minimize 

25 diflSculties during the displacement of cement in flie annular region 315. The 
optimum blend of the blended cement is preferably determined using 
conventional empirical methods. 

The annnlflr region 315 preferably is filled with the material 305 in 
sufBdent quantities to ensxire that, upon radial expansion of the tubular 

30 member 210, the aimnlar r^on 315 of the new section 130 of the wellbore 100 
wiU be filled with material 305. 
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In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in 
the region adjacent to the mandrel 205 in order optimally permit placement of 
the apparatus 200 in positions in the wellbore with ti^t clearances. 
5 Furthermore, in this manner, the initiation of Ihe radial expansion of the 
tubular member 210 dioing the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once ihe annular region 315 has been adequately 
filled with material 305, a plug 405, or other similar device, is uxtroduced into 
the fluid passage 240 thereby fltiidicly isolating the interior region 310 firom the 

10 annular region 315. In a preferred embodiment, a non-hardenable fluidic 
material 306 is then pimiped into the interior region 310 causing the interior 
region to pressurize. In this manner, the interior of the expanded tubular 
member 210 will not contain significant amounts of cured material 305. This 
reduces and simplifies the cost of the entire process. Alternatively, the material 

15 305 may be used diuring this phase of the process. Once the interior region 
310 becomes sufficiently pressurized, the tubular member 210 is extruded oflT of 
the expandable mandrel 205. During the extrusion process, the expandable 
mandrel 205 may be raised out of the expanded portion of the tubular member 
210. In a preferred embodiment, during the extrusion process, the mandrel 206 

20 is raised at approximately the same rate as the tubular member 210 is expanded 
in order to keep the tubular memb» 210 stationaxy relative to the new wellbore 
section 130. In an alternative preferred CTibodiment^ the esdxusion process is 
commenced with the tubular member 210 positioned above tiie bottom of the 
new wellbore section ISO, keeping the mandrel 205 stationaxy, and allowing the 

25 tubular member 210 to extrude ofTof tiie mandrel 205 and fall down the new 
wellbore section 130 under tiie force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by 
introducing the plug 405 into the fluid passage 230 at a surface locaition in a 
conventional mannCT. The plug 405 preferab^y acts to fluididy isolate the 

30 hardenable fluidic sealing material 305 firom the non hardenable fluidic 
material 306. 
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The plug 405 may comprise any ntimber of conventional commercially 
available devices &om plugging a fluid passage such as, for example, Multiple 
Stage Cementer (MSG) latdi-down plug, Omega latch-down plug or three-wiper 
latch-down plug modified in accordance with the teachings of the present 
5 disclosure. In a preferred embodiment, the plug 405 comprises a MSG latch- 
down plug available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, anon 
hardenable fiuidic material 306 is preferably pumped into the interior region 
310 at pressures and flow rates ranging, for sample, from i4>prozimate]y 400 to 
10 10,000 psi and 30 to 4,000 gaUons/min. In this manner, the amount of 
hardenable fiuidic sealing material within the interior 310 of the tubular 
member 210 is minimized. In a preferred embodiment, after placement of the 
plug 405 in the fluid passage 240, the non hardenable material 306 is preferably 
pumped into the interior region 310 at pressures and flow rates ranging £rom 
15 eqiproximately 500 to 9,000 psi and 40 to 3,000 gallons^nin in order to 
maximize the extrusion speed. 

In a preferred embodiment^ the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will depend upon the geometry of the 
20 expansion mandrel 205, the material composition of the tubular member 210 
and expansion mandrel 205, the inner diameter of the tubular member 210, the 
wall thidmess of the tubular member 210, the type of lubricant^ and the yield 
strength of the tubular member 210. In general, the thicker the wall thickness, 
the smalla the inner diameter, and the greater the yield strength of the tubular 
.25 member 210, then the greater the operating {iressures reqpured to extrude the 
tubular member 210 off of the mandrd 205. 

For typical tubular members 210, the extrusion of the tubular member 
210 off of the expandable mandrel will b^in when the pr^ure of the interior 
r^on 310 reaches, for example, approximatdy 500 to 9,000 psi. 
30 During the extrusion process, the expandable mandrel 205 may be raised 

out of the opanded portion of the tubular member 210 at rat^ ranging, for 
example, from about 0 to 5 fi/sec In a preferred embodiment, during the 
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extrusion process, the eacpandabie mandrel 205 is raised out of the expanded 
portion of the tubular member 210 at rates ranging from about 0 to 2 ft/sec in 
order to minimize the time required for the expansion process while also 
permitting easy control of the expansion process, 
5 When the end portion 260 of the tubular member 210 is extruded off of 

the expandable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferabfy contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fluid tight overk^ping joint. The 
contact pressure of the overlapping joint may range, for example, from 

10 approximately 50 to 20,000 psi. In a preferred embodiment, the contact 

pressure of the overl2q)ping joint ranges from approximately 400 to 10,000 psi in 
order to provide optimum pressxire to activate the armular sealing members 245 
and optimally provide resistance to axial motion to accommodate typical tensile 
and compressive loads. 

15 The overlapping joiat between the section 410 of the existing casing 115 

and the section 265 of tiie expanded tubular menob^ 210 preferably provides a 
gaseous and fluidic seal. In a particularly preferred embodiment, the sealing 
members 245 optimally provide a fluidic and gaseous seal in the overlapping 
joint. 

20 In a preferred embodiment, the operating pressure and flow rate of the 

non hardenable fluidic material 306 is controUably ramped down when the 
expandable mandrel 205 reaches the end portion 260 of the tubular member 
210. In this manner, the sudden release of pressure caused by the complete 
extrusion of the tubular member 210 off of the expandable mandrel 205 can be 

25 minimized. In a preferred embodimwt^ the oi^rating pressure is reduced in a 
substantial^ linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the mandrel 205 is within about 5 feet &t>m 
completion of the extrusion process. 

Alternatively, or in combination, a sho(^ absorber is provided in the 

30 support member 250 in order to absorb the shock caused by the sudden release 
of pressure. The shock absorber may comprise, for example, any conventional 
commercially available shock absorber adsqpted for use in wellbore op^ations. 
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Alternative^, or in combination, a mandrel catching structure is 
provided in the end portion 260 of the tubular member 210 in order to catch or 
at least decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
5 removed from the wellbore 100. In a preferred embodiment, either before or 
after the removal of the expandable mandrel 205, the integrity of the fluidic seal 
of the overlapping joint between the upper portion 260 of the tubular member 
210 and the lower portion 270 of the casing 115 is tested using conventional 
methods. 

10 If the fluidic seal of the overlapping joint between the upp^ portion 260 

of the tubular member 210 and the lower portion 270 of the casing 115 is 
satisfactory, then any uncured portion of the material 305 within the expanded 
tubular member 210 is Ihen removed in a conventional maxm^ such as, for 
example, circulating the uncured material out of the interior of the expanded 

15 tubular member 210. Theniandrel205is then pulled out of the wellbore 
section 130 and a drill bit or mill is used in combination with a conventional 
drilling assembly 505 to drill out any hardened material 305 within the tubular 
member 210. The material 305 within the annular region 315 is then allowed 
to cure. 

20 As illustrated in Fig. 5, pref^ably any remaining cured mat^al 305 

within the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The restdting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
annular layer 515 of cured material 305. The bottom portion of the apparatus 

25 200 comprisuig the shoe 215 and dart 405 may then be removed by drilling out 
the shoe 215 and dart 405 using conv^tional drilling methods. 

In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tubular member 210 indudes one or more sealing members 605 and one 
or more pressure relief holes 610. In this manner, the overlapping joint 

30 between the lower portion 270 of the casing 115 and the upper portion 260 of 
the tubular mmiber 210 is pressure-tight and the pressure on the intoior and 
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exterior surfaces of the tubular m^nber 210 is equalized during the extrusion 
process. 

In a preferred embodiment^ the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
5 tubular member 210. In an alternative prefored embodiment, the sealing 
members 605 are bonded or molded onto the outer surface 265 of the upper 
portion 260 of ihe tubular member 210. The pressure relief holes 610 are 
preferably positioned in the last few feet of the tabular member 210. The 
pressure relief holes reduce the operating pressures reqxur ed to expand the 

10 upper portion 260 ofthetubidar member 210. This reduction in required 
operating pressure in turn reduces the velocity of the mandrel 205 upon the 
completion of the extrusion process. This reduction in velocity in turn 
minimizes the mechanical shock to the entire apparatus 200 upon the 
completion of the extrusion process. 

15 Referring now to Fig. 7, a particularly preferred embodiment of an 

apparatus 700 for forming a casing within a wellbore preferably includes an 
expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 
730, a flidd passage 735, a fluid passage 740, a support member 745, a body of 

20 lubricant 750, an overshot connection 755, another support member 760, and a 
stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferabfy adapted to 

25 controUably expand in a radial direction. The expandable mandrd 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teachings of the present disdosure. 
In a preferred embodiment, the expandable mandrel 705 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat. No. 5,348,095, t^e 

30 contents of which are incorporated herein by reference, modified in accordance 
with the teachings of the present disclosure. 
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The expandable mandrel container 710 is coupled to and supported by 
the support member 745. The expandable mandrel container 710 is further 
coupled to the expandable mandrel 705. The expandable mandrel container 710 
may be constructed from any nimiber of conventional commercially available 
5 materials such as, for example, Oilfield Country Tubular Goods, stainless steel, 
titanium or high strangtfa steels. In a preferred embodiment, the expandable 
mandrel container 710 is fabricated from material having a greater strength 
than the material from which the tubular member 715 is fabricated In this 
manner, the container 710 can be fabricated from a tubular material having a 

10 thinner wall thickness than the tubular member 210* This permits the 

container 710 to pass through tight clearances thereby facilitating its placement 
within the wellbore. 

In a preferred enobodiment, once the expansion process begins, and the 
thicker, lower strength material of the tubular member 715 is expanded, the 

15 outside diameter of the tubular member 715 is greater than the outside 
diameter of the container 710* 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705* The tubular member 715 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 705 substantially as 

20 described above with reference to Pigs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubidar Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, tlie tubular member 715 is fabricated firom OCTG. 

In a preferred embodiment^ the tubular member 715 has a substantially 

25 annular crossHBection* In a particularly preferred embodimwt, the tubular 
member 715 has a substantialfy circular annular cross*section. 

The tubular meniber 715 preferably includes an upper section 805, an 
intmnediate section 810, and a lower section 815* The upper section 805 of the 
tubular member 715 preferably is defined by the r^on beginning in the 

30 vidnily of the mandrel container 710 and ending with the top section 820 of the 
tubular member 715. The intermediate section 810 of the tubular member 715 
is preferably defined by the region beginning in the vicinity of the top of the 
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mandrel container 710 and ending with the region in the vidnily of the mandrel 
705. The lower section of the tubular member 715 is preferably defined by the 
region beginning in the vicinity of the mandrel 705 and ending at the bottom 
825 of the tubular member 715. 
5 In a preferred embodiment, the wall thickness of the upper section 805 of 

the tubidar member 715 is greater than the wall thicknesses of the 
intermediate and lower sections 810 and 815 of the tubular member 715 in 
order to optimally fadliate the initiation of the ^dxusion process and optimally 
permit the apparatus 700 to be positioned in locations in the wellbore having 

10 tight clearances. 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 715 may range, for example, from about 1.05 to 48 inches and 
1/8 to 2 inches, respectively. In a preferred embodiment, the outer diameter 
and wall thickness of the upper section 805 of the tubtdar member 715 range 

15 from about 3.5 to 16 inches and 3/8 to 1.5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of 
the tubular member 715 may range, for example, from about 2.5 to 50 inches 
and 1/16 to 1.5 inches, respectively. In a preferred embodiment^ the outer 
diameter and wall thickness of the intermediate section 810 of the tubular 

20 member 715 range from about 3.5 to 19 inches and 1/8 to 1.25 inches, 
respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubtilar member 715 may range, for example, from about 2.5 to 50 inches and 
1/16 to 1.25 inches, respectively. In a preferred embodiment, the outer 

25 diameter and wall thickness of the lower section 810 of the tubular member 715 
range firom about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a 
particularly {^referred embodiment, the wall tliickness of the lower section 815 
of the tubular member 715 is further increased to increase the strength of the 
shoe 720 when drillable materials such as, for example, aluminum are used. 

30 The tubtdar member 715 preferabfy comprises a solid tubular member. 

In a preferred embodiment, the end portion 820 of the tubular member 715 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 
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705 when it completes the extrusion of tabular member 715. In a preferred 
embodiment, the length of Ihe tubular member 715 is limited to minimize the 
possibility of buckling. For typical tubular member 715 materials, the length of 
the tubular member 715 is preferably limited to between about 40 to 20,000 
5 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. Inapref^ed 
embodiment, the shoe 720 further iadudes an inlet passage 830, and one or 
more jet ports 835. In a particular^ preferred embodiment, the cross-Bectional 

10 shape of the inlet passage 830 is adapted to receive a latdi-down dart, or other 
similar elements, for blocking the inlet passage 830. The interior of the shoe 
720 preferably includes a body of solid material 840 for increasing the strength 
of the shoe 720. In a particularly preferred embodiment, the body of solid 
material 840 comprises aluminum. 

15 The shoe 720 may comprise any number of conv^tional commercially 

available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disdosmre. In a preferred embodiment, the shoe 720 
comprises an almninum down-jet guide shoe with a sealing sleeve for a latch- 

20 down plug available from Halliburton Energy Services in Dallas, TX, modified 
in accordance with the teachings of the present disclosure, in order to optimize 
guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubular member 715 and an ftvi'aiang weUbore casing, and to optimally faciliate 
the removal of the shoe 720 by drilling it out after completion of the extrusion 

25 process. 

The lower cup seal 725 is coiqded to and supported by the support 
member 745. The lower cup seal 725 prevents foreign materials firom entering 
the interior region of the tubtilar member 715 above the expandable mandrel 
705. The lower cap seal 725 may comprise any number of conventional 
30 commercially available cup seals such as, for example, TP cups or Selective 
Ix^ection Pai^er (SIP) cups modified in accordance with the teachings of the 
present disclosure. In. a preferred embodiment^ the lower cup seal 725 
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comprises a SIP cup, available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a debris barrier and hold a body of lubricant. 

The upper cup seal 730 is coupled to and supported by the support 
member 760. The upper cup seal 730 prevents foreign materials from entering 
5 the interior region of the tubular member 715. The upper cup seal 730 may 
comprise any nimiber of conventional commercially available cup seals such as, 
for example^ TP cups or Selective Injection Packer (SIP) cup modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the upper cup seal 730 comprises a SIP cup available from 

10 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and contain a hody of lubricant. 

The fliiid passage 735 permits flmdic materials to be transported to and 
from the interior region of the tubular member 715 below the expandable 
mandrel 705. The fluid passage 735 is fliiididy coupled to the fitud passage 740. 

15 The fluid passage 735 is preferably coupled to and positioned within the support 
member 760, the support member 745, the mandrel container 710, and the 
expandable mandrel 705. The fluid passage 735 preferably extends from a 
position adjacent to the surface to the bottom of the expandable mandrel 705. 
The fluid passage 735 is preferably positioned along a centerline of the 

20 apparatus 700. The fluid passage 735 is preferably selected to transport 
materials such as cement^ drilling mud or epoxies at flow rates and pressures 
ranging from about 40 to 3,000 gallons/minute and 500 to 9,000 psi in order to 
optimally provide sufBdent operating pressures to extrude the tubular member 
715 off of the expandable mandrel 705. 

25 As described above witix reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbore, fluidic materials forced up the 
fluid passage 735 can be released into the wellbore above the tubular member 
715. In a preferred e^odiment, the apparatus 700 further includes a pressinre 
release passage that is coupled to and positioned within tiie support member 

30 260* The pressure rdease passage is further fluididy coupled to the 

passage 735. The pressure release passage preferably includes a control valve 
for controUabfy op^iing and closing the fluid passage, hi a preferred 
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embodiment, the control valve is pfressure activated in order to controllably 
mimmize surge pressures. The pressure release passage is preferably 
positioned substantially orthogonal to the centerline of the apparatus 700. The 
pressure rdease passage is preferabfcr selected to convey materials such as 

5 cement, drilling mud or epoxies at fLovr rates and pressures ranging fifom about 
0 to 500 gallons/minute and 0 to 1,000 psi in order to reduce the drag on the 
apparatus 700 during insertion into a new section of a wellbore and to minimize 
surge pressmres on the new wellbore section. 

The fluid passage 740 permits fluidic mat^ials to be transported to and 

10 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic 
communication with the interior region of the tubular member 715 below the 
expandable mandrel 705. The fluid passage 740 preferably has a cross-sectional 
shape that permits a plug, or other simflar device, to be placed in the inlet 830 

15 of the fluid passage 740 to thereby block further passage of fluidic materials. In 

this manner, the interior region of the tubular member 715 below the 
expandable mandrel 706 can be optimally fluididy isolated from the region 
exterior to the tubular member 715. This permits the interior region of the 
tubular member 715 below the expandable mandrel 205 to be pressurized. 

20 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in 
order to optimally fill an annular region between the tubular member 715 and a 

25 new section of a wellbore with fluidic materials. In a preferred embodiment, 

the fluid passage 740 includes an inlet passage 830 having a geometry that can 

receive a dart and/or a ball sealing member. In this manner, the fluid passage 

240 can be sealed off by introducing a plug, dart and/or ball sealing elements 

into the fluid passage 230. 
80 In a preferred embodiment, the apparatus 700 furtiier includes one or 

more seals 845 coupled to and supported hy the end portion 820 of tiie tubular 
member 715. The seals 845 are finrther positioned on an outer surface of the 
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end portion 820 of the tubular memb^ 715« The seals 845 permit the 
overls^ping joint between an end portion of preexisting casing and the end 
portion 820 of the tubular member 715 to be fluidicly sealed. The seals 845 
may comprise any nxunber of conventional commercially available seals such as, 
5 for example, lead, rubber, Teflon, or epozy seals modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the seals 
845 comprise seals molded from StrataLock epozy available firom Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal and 
a load bearing interference fit in the overlapping joint between the tubular 

10 member 715 and an existing casing with optimal load bearing capacity to 
support the tubular member 715. 

In a preferred embodiment, the seals 845 are selected to provide a 
sufGcient Mctional force to support the expanded tubular member 715 from the 
g>yiRting casing. In a preferred embodiment, the frictional force provided by the 

15 seals 845 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
support the expanded tubular member 715. 

The support member 745 is preferably coupled to the expandable 
mandrel 705 and the overshot connection 755. The support member 745 
preferably comprises an annular member having sufficient strength to carry the 

20 apparatus 700 iuto a new section of a wellbore. The support member 745 may 
comprise any nmnber of conv^itional commercially available support members 
such as, for example, steel drill pipe, coiled tubiag or oUi&c high strength 
tubular modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the support member 745 comprises conventional drill 

25 pii>e available from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
antiiilar region above ilie expandable mandrel container 710 within the interior 
of the tubular member 715. In this manner, the extrusion of the ttibular 
member 715 off of the expandable mandrel 705 is facilitated. The lubricant 705 

30 may comprise any ntmib w of conventional commerdally available lubricants 
such as, for example, Lubriplate, chlorine based lubricants, oil bas^ lubricants, 
or Climax 1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 

-36- 



25791.23.02 



comprises Climax 1500 Antisieze (3100) available from Halliburton Energy 
Services in Houston, TX in order to optimally provide lubrication to fadliate the 
extrusion process. 

The overshot connection 755 is coupled to the support member 745 and 
5 the support member 760. The overshot connection 755 preferably permits the 
support member 745 to be removably coupled to the support member 760. The 
overshot connection 755 may comprise any number of conventional 
commercially available ovCTshot connections such as, for example, Innerstring 
Sealing Adapter, Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool 

10 Stinger. In a preferred embodiment, the overshot connection 755 comprises a 
Innerstring Adapter with an Upper Guide available from Halliburton Energy 
Services in Dallas, TX. 

The support member 760 is preferabfy coupled to the overshot 
connection 755 and a surface support strocture (not illtistrated). The support 

15 member 760 preferably comprises an annular member having sufficient 
strength to carry the ^paratus 700 into a new section of a wellbore. The 
support member 760 may comprise any niunber of conventional commercially 
available support members such as, for example, steel drill pipe, coiled tubing or 
other high strength tubulars modified in accordance with the teachings of the 

20 present disclosure. In a preferred embodiment, the support member 760 
comprises a conventional drill pipe available from steel miUs in the United 
States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 

25 within the tubular member 716. The stabilizer 765 preferably comprises a 
spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any 
number of conventional commercially available stabilizers sudi as, for example, 

30 EZ Drill Star Guides, packer shoes or drag blocks modified in accordance with 
tiie teachings of the present disdosure. InaprefCTredembodiment> the 



• 37- 



25791.23.02 



stabilizer 765 comprises a sealing adapter upper guide available firom 
Halliburton Energy Services in Dallas, TX. 

In a preferred embodiment, the support members 746 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the 
5 apparatus 700. In this manner, the introduction of foreign material into the 
apparatus 700 is minimized. This minimizes the possibility of foreign material 
dogging the various flow passages and valves of the apparatus 700. 

In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volumes are circulated 
10 through the various flow passages of the apparatus 700 in order to ensure that 
no foreign materials are located within the wellbore that might dog up the 
various flow passages and valves of the apparatus 700 and to ensure that no 
foreign material interferes with the eapansion mandrel 705 during the 
expansion process. 

15 In a preferred embodiment, the apparatus 700 is operated substantially 

as described above with reference to Figs. 1-7 to form a new section of casing 
within a wellbore. 

As illustrated in Pig. 8, in an alternative preferred embodiment, the 
method and apparatus described herein is used to repair an existing wellbore 

20 casing 805 by forming a tubular liner 810 inside of the existing wellbore casing 
805. In a preferred embodiment, an outer annular lining of cement is not 
provided in the repaired section. In the alternative preferred embodiment, any 
number of fluidic materials can be used to expand the tubiilar liner 810 into 
intimate contact with the damaged section of the wellbore casing such as, for 

25 example, cement, eposy, slag or drilling mud. In the alternative preferred 
embodiment, sealing members 815 are preferably provided at both ends of the 
tubular member in order to optimally provide a fluidic seal. In an alternative 
preferred embodiment, the tubular liner 810 is formed within a horizontally 
positioned pipeline section, such as those used to transport hydrocarbons or 

30 water, with the tubular liner 810 placed in an overlapping relationship with the 
adjacent pipeline section. In this manner, undargroimd pipelines can be 
repaired without having to dig out and replace the damaged sections. 
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In another alternative preferred embodiment^ the method and apparatus 
described herein is used to directly line a wellbore with a tubular liner 810. In 
a preferred embodiment^ an outer annular lining of cement is not provided 
between the ttibular Hner 810 and the wellbore. In the alternative preferred 
5 embodiment, any ntmiber of fluidic materials can be used to expand the tubular 
liner 810 into intimate contact with the wellbore such as, for example, cement, 
epoa^, slagnux, or drillingmud. 

Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing indudes an expandable tubular 
10 member 902, a support member 904, an expandable mandrel or pig 906, and a 
shoe 908. In a preferred embodiment, the design and construction of the 
mandrel 906 and shoe 908 p^imits easy removal of those elements by drilling 
them out. In this manner, the assembly 900 can be easily removed firom a 
wellbore using a conventional drilling apparatus and corresponding drilling 
15 methods. 

The expandable tubtdar member 902 preferably includes an upper 
portion 910, an intermediate portion 912 and a lower portion 914. During 
operation of the apparatus 900, the tubular member 902 is preferably extruded 
off of the mandrel 906 by pressurizing an interior region 966 of the tubular 
20 member 902. The tubular member 902 preferably has a substantially annular 
cross*section. 

In a particularly preferred embodiment, an expandable tubular member 
915 is coupled to the nppa portion 910 of the expandable tubular member 902. 
During operation of the apparatus 900, the tubular member 915 is preferably 
25 extruded o£F of the mandrd 906 by pressurizing the interior region 966 of the 
tubular member 902. The tubular member 915 preferably has a substantially 
annular cross-section. .In a preferred embodiment, the wall thickness of the 
tubular memb^ 915 is greater than the wall thickness of the tubular member 
902. 

30 The tubular member 915 may be fabricated &om any niunber of 

conventional conmierdally available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainlras steels. In a preferred 
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embodiment, the tubular member 915 is fabricated from oilfield tubulars in 
order to optimally provide approximately the same mechanical properties as the 
tubular member 902. In a particularly preferred embodiment, the tubular 
member 915 has a plastic yield point ranging from about 40,000 to 135,000 psi 
5 in order to optimally provide approximately the same yield properties as the 
tubular member 902. The tubular member 915 may comprise a plurality of 
tubular members coupled end to end. 

In a preferred embodiment^ the upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fluidic 

10 and/or gaseous seal with an existing section of wellbore casing. 

In a preferred embodiment, the combined length of the tubtdar members 
902 and 915 are limited to minimize the possibility of buckling. For typical 
tubular member materials, the combined length of the tubidar members 902 
and 915 are limited to betwera about 40 to 20,000 feet in length. 

15 The lower portion 914 of the tubular member 902 is preferably coupled 

to the shoe 908 by a threaded connection 968. The intermediate portion 912 of 
the tubular menaber 902 preferably is placed in intimate sliding contact with 
the mandrel 906. 

The tubular member 902 may be fabricated from any ntunber of 

20 conventional conmierdally available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oilfield tubulars in 
order to optimally provide approximately the same mechanical properties as the 
tubular member 915. In a particularly preferred embodiment^ the tubular 

25 member 902 has a plastic yield point ranging from about 40,000 to 135,000 psi 
in order to optimally provide approximate^ the same yield properties as the 
tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 
912 and 914 of the tubular member 902 may range, for example, fix)m about 

30 1/16 to 1.5 inches. In a preferred embodiment, the wall thickness of the upper, 
intermediate, and Iowa portions, 910, 912 and 914 of the tubular member 902 
range from about 1/8 to 1.25 in order to optimally provide wall thickness that 
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are about the same as the tubular member 915. In a preferred embodiment, the 
wall thickness of the lower portion 914 is less tiian or equal to the wall 
thickness of the upper portion 910 in order to optimally provide a geometry that 
will fit into tight clearances downhole. 
5 The outer diameter of the upper, iatermediate, and lower portions, 910, 

912 and 914 of the tubular member 902 may range, for sample, from about 
1.05 to 48 inches. In a prrferred embodiment, the outer diameter of the upper, 
intOTmediate, and lower portions, 910, 912 and 914 of the tubular member 902 
range from about 3 to 19 inches in order to optimal^ jirovide the ability to 

10 expand the most conomonly used oilfield tubulars. 

The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any mmiber of conventional 

15 commercially available tubtdar members modified in accordance with the 
teadiings of the present disclosure. In a preferred embodiment, the tubular 
member 902 comprises Oilfield Country Tubular Goods available from various 
U.S. steel mills. The tubular member 915 ma^ comprise any number of 
conventional commercially available tubular members modified in accordance 

20 with the teachings of the present disclosure. In a preferred embodiment, the 
tubular member 915 comprises Oilfield Country Tubular Goods available from 
various U.S. steel mills. 

The various elements of the tubular member 902 nuty be coupled using 
any number of convrational process such as, for example, threaded connections, 

25 wdding or machined fix>m one piece. In a preferred embodiment, the various 
elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end 
to end. The various elements of the tubular member 915 may be coupled using 
any number of conventional process such as, for example, threaded connections, 

30 welding or machined fix)m one piece. Inapreferredembodiment, the various 
dements of the tubular member 915 are coupled using welding. The tubiilar 
member 915 may comprise a plurality of tubular donents that are coupled end 
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to end* The tabular members 902 and 915 may be coupled using any numba: of 
conventional process such as, for example, Ihreaded connections, welding or 
machined from one piece. 

The support member 904 preferably includes an innerstring adapter 916, 
5 a fluid passage 918, an upper guide 920, and a coupling 922. During operation 
of the apparatus 900, the support member 904 preferably supports the 
apparatus 900 during movement of the apparatus 900 witiiiin a wellbore. The 
support member 904 preferably has a substantially annular cross-section. 
The support member 904 may be fabricated from any number of 

10 conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 
embodiment, the support member 904 is fabricated from low alloy steel in ordCT 
to optimally provide hi^ yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 

15 conventional drill string support from a surface location. The innerstring 
adaptor 916 may be coupled to a conventional drill string support 971 by a 
tlureaded connection 970. 

The fluid passage 918 is preferably used to conv^ fluids and other 
materials to and from the apparatus 900. In a preferred embodiment, the fluid 

20 passage 918 is fluidicly coupled to the fluid passage 952. In a preferred 

embodiment, the fluid passage 918 is used to convey hardenable fluidic sealing 
materials to and from the apparatus 900. In a particularly preferred 
embodiment, the fluid passage 918 may include one or more pressure reUef 
passages (not illustrated) to release fluid pressure during positioning of the 

25 apparatus 900 within a wellbore. In a preferred embodiment, the fluid passage 
918 is positioned along a longitudinal centerline of the apparatus 900. In a 
preferred embodiment^ the fluid passage 918 is sdected to permit the 
conveyance of hardenable fluidic materials at operating pressures ranging from 
about 0 to 9,000 psi. 

30 The upper guide 920 is coupled to an upper portion of tlie support 

member 904. The upper guide 920 preferably is adapted to center the support 
member 904 within the tubular member 915. The upper guide 920 may 
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comprise any number of conyentional guide members modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the 
upper guide 920 comprises an innerstring adapter available from HaUiburton 
Energy Services in Dallas, TX order to optimally guide the apparatus 900 
5 within the tubular member 915. 

The coupling 922 couples the support member 904 to the mandrel 906. 
The coupling 922 preferably conqirises a conventional threaded connection. 

The various el«n^ts of the axsppoat member 904 may be coupled using 
any nmnber of conventional processes such as, for example, welding, threaded 
10 connections or machined from one piece. In a preferred embodiment, the 
various elements of the support member 904 are coupled using threaded 
connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower 

15 guide 934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 
942, an upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 
948, a guide 950, and a fluid parage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator 
sleeve 948, and the rubber cup 926. The retainer 924 couples the rubber cup 

20 926 to the lubricator sleeve 948. The retainer 924 preferably has a 
substantially annular cross-section. The retainer 924 may comprise any 
number of conventional commerdally available retainers such as, for example, 
slotted Blaring pins or roll inn. 

The nibber cup 926 is emxplei to tiie retainer 924, the lubricator mandrel 

26 946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign ^«t^'»»l« into the interior region 972 of the tubular member 902 below 
the rubber cup 926. The rubber cup 926 may comprise any number of 
conventional commercially available rubber cups such as, for example, TP cups 
or Selective Injection Packer (SIP) cup. In a preferred embodiment, the rubber 

30 cup 926 comprises a SIP cup available from Halliburton Energy Services in 
Dallas, TX in order to optimaUy block foreign materials. 
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In a particularly prderred embodiment, a bo4y of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to 
lubricate the interface between the exterior surface of the mandrel 902 and the 
interior surface of the tubular members 902 and 915. The lubricant may 
5 comprise any number of conventional commerciaUy available lubricants such 
as, for example, Lubriplate, chlorine based lubricants, oil based lubricants or 
Climax 1500 Antiseize (8100). In a preferred embodiment, the lubricant 
comprises Climax 1500 Antiseize (3100) available firom Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide lubrication to 

10 fadliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, tihie 
body of cement 932, the lower guide 934, the extension sleeve 936, the housing 
940, and the upper cone retainer 944« In a preferred embodiment, during 
operation of the apparatus 900, the tubular members 902 and 915 are extruded 

15 ofT of the outer surface of the expansion cone 928. In a preferred embodiment, 
axial movement of the expansion cone 928 is prevented by the lower cone 
retainer 930, housing 940 and the upper cone retainer 944. Inner radial 
movement of the expansion cone 928 is prevented by the bo(^ of cement 932, 
the housing 940, and the upper cone retainer 944. 

20 The expansion cone 928 preferably has a substantially annular cross 

section. The outside diameter of the expansion cone 928 is preferably tapered 
to provide a cone sh^>e. The wall tiiickness of the e]q)ansion cone 928 may 
range, for example, from about 0.125 to 3 inches. In a preferred embodim^t, 
the wall thickness of the expansion cone 928 ranges firom about 0.25 to 0.75 

25 inches in order to optimal^ provide adequate compressive strength with 
mitiimfll material. The pngYimnm and minimtiTn outside diameters of tiie 
expansion cone 928 may range, for example, firom about 1 to 47 inches. In a 
preferred embodiment, the maYiTmiTn and miTiiTrinTn outside diameters of the 
expansion cone 928 range firom about 3.5 to 19 in order to optimally provide 

30 expansion ofgenerally available oilfield tubulars 

The expansion cone 928 may be fabricated firom any number of 
conventional commerdally available materials sudi as, for example, ceramic, 
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tool steel, titanium or low alloy steel. In a preferred embodiment^ the 
expansion cone 928 is fabricated from tool steel in order to optimally provide 
high strength and abrasion resistance. The surface hardness of the outer 
surface of the expansion cone 928 may range, for example, from about 50 
5 Rockwell C to 70 Rockwell C. In a preferred embodiment, the surface hardness 
of the outer surface of the expansion cone 928 ranges from about 58 Rockwell C 
to 62 RockweUC in order to optimally provide hi^ yield strength. In a 
preferred ^oibodiment, tiie expansion cone 928 is heat treated to optimally 
provide a hard outer surface and a resilient interior body in order to optimally 

10 provide abrasion resistance and fracture tou^mess. 

The lower cone retainer 980 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

15 The lovtrer cone retainer 930 may be fabricated from any number of 

conventional commercially available nuterials such as, for example, ceramic, 
tool steel, titanium or low alloy steel. In a prefCTied embodiment, the lower 
cone retains 930 is fabricated from tool steel in order to optimally provide hi^ 
strength and abrasion resistance. The surface hardness of the outer surface of 

20 the lower cone retainer 930 may range, for example, from about 50 Rockwell C 
to 70 Rockwell C. In a preferred embodiment, the surface hardness of the outer 
surface of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 
Rockwell C in order to optimally provide high yield strength. In a prefmred 
^nbodiment, the lower cone retainer 930 is heat treated to optimally provide a 

25 hard outer suxface and aresilient interior bo^y in order to optimal^ provide 
abrasion resistance and fracture tou^biness. 

In a preferred raabodimrat, tiie lower cone retainer 930 and the 
expansion cone 928 are formed as an integral one-piece element in order reduce 
the ntunber of components and increase the overall strength of the apparatus. 

30 The outer surface of the lower cone retainer 930 preferably mates with the 
inner surfaces of title tubtdar members 902 and 915. 
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The body of cement 932 is positioned vdthin the interior of the mandrel 
906. The body of cement 932 provides an inner bearing structure for the 
mandrel 906. The body of cement 932 further may be easily drilled out using a 
conventional driU device. In this manner, the mandrel 906 may be easily 
5 removed using a conventional drilling device. 

The body of cement 932 nmy comprise any number of conventional 
commercially available cement compounds. Alternatively, aluminum, cast iron 
or some other drillable metallic, composite, or aggregate material may be 
substituted for cement The body of cement 932 preferably has a substantially 

10 annular cross-section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 
940. During operation of the apparatus 900, the lower guide 934 preferably 
helps guide the movement of the mandrel 906 within the tubxilar member 902. 
The lower guide 934 preferably has a substantially aimular cross-section. 

15 The lower guide 934 may be fabricated from any number of conventional 

commercially available materials such as, for example, oilfield tubulars, low. 
alloy steel or stainless steel. In a preferred embodimmt, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide hi^ yield strength. 
The outer surface of the lower guide 934 preferably mates with the inner 

20 surface of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the lower guide 934 and the 
housing 940. During operation of the apparatus 900, the extension sleeve 936 
preferably helps guide the movement of ihe mandrel 906 within the tubular 
member 902. The extension sleeve 936 preferably has a substantially annular 

25 cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubidars, low alloy steel or stainl^ steel. In a preferred embodiment, the 
extension sleeve 936 is fabricated from low alloy sted in order to optimally 

30 provide hi^ yield strength The outer siirface of the extension sleeve 936 

preferably mates with tiie inner surface of the tubular mCTober 902 to provide a 
glidin g fit In a preferred embodiment^ the extension sleeve 936 and the lower 
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guide 934 are formed as an integral one-piece element in or der to minimize the 
number of components and increase the strength of the iqpparatus. 

The spacer 938 is coupled to the sealing sleeve 942, The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the 
5 extension tube 960 of the shoe 908. In this manner, a plug or dart can be 
conveyed from the surface through the fluid passages 918 and 952 into the fluid 
passage 962- Prrferabtjr, the spacer 938 has a substantiany annular cross- 
section. 

The spacOT 938 may be fabricated from any number of conventional 
10 commercial^ available materials such as, for examplei steel, aluminum or cast 
iron- In a preferred embodiment, the spacer 938 is fabricated from aluminum 
in order to optimally provide drillability. The end of the spacer 938 preferably 
mates with the end of the extension tube 960, In a preferred embodiment, the 
spacer 938 and the sealing sleeve 942 are formed as an integral one-piece 
15 element in order to reduce the nxunber of components and increase the strength 
of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
operation of the apparatus 900, the housing 940 prefCTably prevents inner 

20 radial motion of the expansion cone 928. Preferably, the housing 940 has a 
substantially nTmnlar cross-section. 

The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low 
alloy steel or stainless steeL In a preferred embodiment^ the housing 940 is 

25 fabricated from low aUoysted in orda to optunalfy provide hig^ yield st^ 
In a preferred embodiment^ the lower guide 934, extension sleeve 936 and 
housing 940 are formed as an integral one-piece element in order to minimize 
the nmnber of components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the 

30 housing 940 includes one or more protrusions to fadliate the connection 
between the housing 940 and the bodjr of cement 932. 



-47- 



25791^3.02 



The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation 
of the apparatus, the sealing sleeve 942 preferably provides support for the 
mandrel 906. The sealing sleeve 942 is preferably coupled to the support 
5 member 904 using the coupling 922. Preferably, the sealing sleeve 942 has a 
substantially annular cross-section. 

The sealing sleeve 942 may be fabricated from any ntunber of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 942 is 
10 fabricated from aluminmn in order to optimally provide drillability of the 
sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 

sleeve 942 includes one or more protrusions to faciliate the connection between 

Hie sealing sleeve 942 and the body of cement 932. 
15 In a particularly preferred embodiment, the spacer 938 and the sealing 

sleeve 942 are integrally formed as a one-piece element in order to minimize the 

niunber of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, tiie 

sealing sleeve 942, and the bo4y of cement 932. During operation of the 
20 apparatus 900, the upper cone retainer 944 preferably prevents axial motion of 

the expansion cone 928. Preferably, the upper cone retainer 944 has a 

substantially aimular cross-section. 

The upper cone retainer 944 may be fabricated from any niunber of 

conventional commercial^ available materials such as, for example, steel, 
25 aluminum or cast iron. In a preferred CTobodiment^ the upper cone retainer 944 

is fabricated from aluminum in order to optimally provide drillability of the 

upper cone retainer 944. 

In a particular^ preferred embodiment, the upper cone retainer 944 has 

a CTOss-sectional shape designed to provide increased rigidity. In a particularly 
30 preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 

that is substantially I-shaped to provide increased rigidity and minimize the 

amount of material that would have to be drilled out. 
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The lubricator mandrel 946 is coupled to die retainer 924, the rubber cup 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
5 interface between the mandrel 906 and the tubular member 902. Preferably, 
the lubricator mandrel 946 has a substantially annular cross-section. 

The liibricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 
10 is fabricated from aluminum in order to optimallb^ provide drillability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cone retainer 944, the lubricator 
sleeve 948, and the guide 950. During operation of the apparatus 900, the 
15 lubricator sleeve 948 preferably supports the rubber cup 926. Preferably, the 
lubricator sleeve 948 has a substantial^ annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
20 fabricated from alimunum in order to optimally provide drillability of the 
lubricator sleeve 948. 

As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber 
cup 926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 
25 948. In a prefenred embodiment, seals 949a and 949b are provided between the 
lubricator mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to 
optimally seal ofTthe interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and ihe lubricator sleeve 948. During oi)eration of the apparatus 900, the guide 
30 950 preferably guides the apparatus on the support m^nber 904. Preferably, 
the guide 950 has a substantially anTinlar cross-section. 
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The guide 950 may be fabricated from any number of oonventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally i>rovide driUability of the guide 950. 
5 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment^ 
the fluid passage 952 is adapted to convey hardenable fluidic materials at 

10 pressures and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 
gaUons/min in order to optimally provide pressxures and flow rates to displace 
and circulate fluids during the mstallation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any 
number of conventional process such as, for example, threaded connections, 

15 welded connections or cementing. In a preferred embodiment, the variotis 
elements of the mandrel 906 are coupled using threaded connections and 
cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a flxiid passage 962, and one or more 
20 outiet jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower 
portion 914 of the tubular member 902. During operation of the apparatus 900, 
the housing 954 preferably couples the lower portion of tiie tubular member 
902 to the shoe 908 to facilitate the extrusion and positioning of the tubular 
25 member 902. Preferabfy, the housing 954 has a substantially annular cross- 
section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminmn. In a 
preferred embodim^t, the housing 954 is fabricated from aluminum in order to 
30 optimaUy provide drillability of the housing 954. 
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In a particularly preferred embodiment^ the interior surface of the 
housing 954 includes one or more protrusions to fadliate tiie connection 
between the bo^y of cement 956 and the housing 954. 

The body of cement 956 is coupled to the housing 954, and the sealing 
5 sleeve 958. In a preferred embodiment, the composition of the body of cement 
956 is selected to permit the body of cement to be easily drilled out using 
conventional drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
conventional cement compositions. In an alternative embodiment, a drillable 
10 material such as, for example, aluminum or iron may be substituted for the 
bo4y of cement 956. 

The sealing sleeve 958 is coupled to the bod|y of cement 956, the 
extension tube 960, the fluid passage 962, and one or more outlet jets 964. 
During operation of the apparatus 900, the sealing sleeve 958 preferably is 
15 adapted to convey a hardenable iluidic material from the fluid passage 952 into 
the fliud passage 962 and then into the outlet jets 964 in order to irgect the 
hardenable fluidic material into an annular region external to the tubular 
member 902. In a preferred embodiment, during operation of the apparatus 
900, the sealing sleeve 958 further includes an inlet geometiy that permits a 
20 conventional plug or dart 974 to become lodged in the inlet of the sealing sleeve 
958. In this manner, the fluid passage 962 may be blocked thereby fluididy 
isolating the interior region 966 of the tubular member 902. 

In a preferred embodim^t, the sealing sleeve 958 has a substantially 
flnnylar cToss-section. The sealing sleeve 958 may be fabricated firom any 
25 number of conventional commercially available materials such as, for example, 
steel, aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 
is fabricated from aluminum in order to optimally provide driUability of the 
seahng sleeve 958. 

The ext^ision tube 960 is coupled to the sealing sleeve 958, the fluid 
30 passage 962, and one or more outlet jets 964. During op^ution of the 
apparatus 900, the extension tube 960 preferably is adapted to conv^ a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 
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962 and ihea into the outlet jets 964 in order to inject the hardenable fluidic 
material into an annular region external to the tubular member 902. In a 
preferred embodiment, during operation of the apparatus 900, the sealing 
sleeve 960 further includes an inlet geometry that permits a conventional plug 
5 or dart 974 to become lodged in the inlet of the sealing sleeve 958. In this 
manner, the fluid passage 962 is blocked thereby fliddicly isolating the interior 
region 966 of the tubular member 902. In a preferred embodiment^ one end of 
the extension tube 960 mates with one end of the spacer 938 in order to 
optimally faciliate the transfer of matmal between the two* 

10 In a preferred embodiment^ the est^ision tube 960 has a substantially 

annular cross-section. The extension tube 960 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
steel, altuninum or cast iron. In a preferred embodiment, the extension tube 
960 is fabricated from altmunum in order to optimally provide drillabiUty of the 

15 extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 
900, the fluid passage 962 is preferably conveys hardenable fluidic materials. In 
a preferred embodiment, tiie fluid i>assage 962 is positioned about the 

20 centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 962 is adapted to conv^ hardenable fluidic materials at pressures 
and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/min in 
order to optimally provide fluids at operationally efficient rates. 

The outlet jets 964 are coupled to the sealing sleeve 958, the extension 

25 tube 960, and the fluid passage 962. During operation of die apparatus 900, the 
outlet jets 964 preferably convey hardenable fluidic material from the fluid 
pa5sage962totheregionextmor of the apparatus 900. In a preferred 
embodiment, the shoe 908 includes a plurality of outiet jets 964. 

In a preferred embodiment, the outiet jets 964 comprise passages drilled 

30 in the housing 954 and the ho6y of cement 956 in order to simplify the 
construction of the apparatus 900. 
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The various elem^ts of the shoe 908 may be coupled using any number 
of conventional process such as, for example, tiureaded connections, cemcmit or 
machined from one piece of material. In a preferred embodiment^ the various 
elements of the shoe 908 are coupled txsing cement. 
5 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean 
formation, a drill string is used in a well known numner to drill out material 

10 from the subterranean formation to form a new section. 

The apparatus 900 for forming a wdlbore casing in a subtCTranean 
formation is then positioned in the new section of the weUbore. In a 
particularly preferred embodiment^ the apparatus 900 includes the tubular 
member 915. In a preferred embodiment, a hardenable iluidic sealing 

15 hardenable fluidic sealing material is tiien ptunped from a surface location into 
the fluid passage 918. The hardenable fluidic sealing material then passes from 
the fluid passage 918 into the interior region 966 of the tubular member 902 
below the mandrel 906. The hardenable fluidic sealing material then passes 
from the interior region 966 into the fluid passage 962. The hardenable fluidic 

20 sealing material then exits the c^paratus 900 via the outlet jets 964 and fills an 
anntdar region between the exterior of the tubular member 902 and the interior 
wall of the new section of the wellbore. Continued pumping of the hardenable 
fltudic sealing material causes the material to fill up at least a portion of the 
annular region. 

25 The hardenable fluidic sealing material is preferably pumped into the 

attTwlflr region at pressures and flow rates ranging, for example, from about 0 
to 5,000 psi and 0 to 1,500 gallons/min, respective^. In a preferred 
embodiment^ the hardenable fluidic sealing material is piunped into the annular 
region at pressures and flow rates that are designed for the specific wellbore 

30 section in order to optimize the displacement of the hardenable fluidic sealing 
material while not creating hi^ enough circulating pressures such that 
circulation might be lost and that could cause the wellbore to collapse. The 
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optimum pressures and flow rates are preferably detommed using conventional 
empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such 
5 as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
spedficaUy for the well section being lined available from Halliburton Bnergjr 
Services in Dallas, TX hi order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 

10 operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably 
determined using conventional empirical methods. 

The anntUar region preferably is filled witii the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 

15 tubular member 902, the annular region of the new section of the wellbore will 
be filled with hardenable material* 

Once the annular region has been adequately filled with hardenable 
fluidic sealing material, a plug or dart 974, or other sinodlar device, preferably is 
introduced into the fliiid passage 962 thereby fltiididy isolating the interior 

20 region 966 of the tubidar member 902 firom the external annular region. In a 
prefCTred embodiment, a non hardenable fluidic material is then pumped into 
the interior region 966 causing the interior region 966 to pressurize. In a 
particularly preferred embodiment^ the plug or dart 974, or other similar device, 
preferabfy is introduced into the fliidd passage 962 by introducing the plug or 

25 dart 974, or other similar device into tiie non hardraable fluidic material. In 
this manner, theamount of cured nraterial within the interior of the tubular 
members 902 and 915 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the 
tubular membCTS 902 and 915 are extruded off of the mandrel 906. The 

30 mandrel 906 may be fixed or it may be expandable. During the extrusion 
process, the mandrel 906 is rais^ out of the expanded portions of the tubular 
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members 902 and 915 using the support member 904. During this esianision 
process, the shoe 908 is preferably substantially stationary. 

The plug or dart 974 is preferably placed into the fluid passage 962 by 
introducing the plug or dart 974 into the fluid passage 918 at a surface location 
5 in a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such 
as, for example, Multiple Stage Cementer (MSG) latch-down plug, Omega latch- 
down plug or three-wiper latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the plug or 

10 dart 974 comprises a MSG latch-down plug available firom Halliburton Energy 
Services in Dallas, TX. 

After placement of tiie plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pima.ped into the interior region 966 at 
pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 

15 3,000 gallons/min in order to optimally extrude the tubular members 902 and 
915 off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begra when the 
pressure of the interior region 966 reaches Approximately 500 to 9,000 psi. In a 

20 preferred embodiment, the extrusion of the tubular members 902 and 915 off 
of the mandrel 906 begins when the pressure of the interior region 966 reaches 
approximately 1,200 to 8,500 psi with a flow rate of about 40 to 1250 
gallons/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of the tubular members 902 and 915 at rates ranguig, for 
example, from about 0 to 5 ft/sec In a preferred embodiment^ during the 
extrusion process, the mandril 906 is raised out of the expanded portions of the 
tubular members 902 and 915 at rates ranging from about 0 to 2 fl/sec in order 
to optimally provide pulling speed fast enoxigh to permit eflfident operation and 
30 permit full expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fluidic sealing material; but not so fkst that timely aiQustment of 
operating parameters during operation is prevented* 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the tubular 
member 915 will preferably contact the interior surface of the lower end portion 
of the existing casing to form an fluid tight overlapping joint The contact 
5 pressure of the overlapping joint may range, for example, from approximately 
50 to 20,000 psi. In a preferred embodiment, the contact pressure of the 
overlapping joint between the upper end of the tubular member 915 and the 
existing section of wellbore casing ranges from approximately 400 to 10,000 psi 
in order to optimally provide contact pressure to activate (he sealing members 

10 and provide optimal resistance such that the tubular member 915 and existing 
wellbore casing will carry typical tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
non hardenable fluidic material will be controUably ramped down when the 
mandrel 906 reaches the upper end portion of the tubular member 915. In this 

15 manner, the sudd^ release of pressure caused by the complete extrusion of the 
tubular member 915 off of the expandable mandrel 906 can be minimized. In a 
preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 906 has completed approximately all but about the 

20 last5feet of the extrusion process. 

In an alternative preferred embodiment, the operating pressure and/or 
flow rate of the hardenable fluidic sealing material and/or the non hardenable 
fluidic material are controlled during all phases of the operation of the 
apparatus 900 to minimize shock. 

25 Alternative^, or in combination, a shock absorber is provided in the 

support member 904 in order to absorb the shodc caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is 
provided above the support member 904 in order to catch or at least decelerate 
30 the mandrel 906. 

Once the extrusion process is completed, the mandrel 906 is removed 
from the wellbore. In a preferred embodiment^ either before or after the 
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removal of the mandrel 906, the integrily of tiie fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower 
portion of the existing casing is tested using conventional metiiods. If the 
fluidic seal of the overlapping joint between the upper portion of the tubtilar 
5 member 915 and the lower portion of the existing casing is satisfactory^ then 
the uncured portion of any of the hardenable fluidic sealing material within the 
expanded tubular membo: 915 is then removed in a conv^tionai manner. The 
hardenable fluidic sealing material within the annular r^on between the 
expanded tubtdar member 915 and the existing casing and new section of 

10 wellbore is then allowed to cure. 

Preferably any remaining cured hardenable fluidic sealing material 
within the interior of the expanded tubular members 902 and 915 is then 
removed in a conventional manner using a conventional drill string. The 
resulting new section of casing preferably includes the expanded tubular 

15 members 902 and 915 and an outer annular layer of cured hardenable fluidic 
sealing material. The bottom portion ofthecq>paratus 900 comprising the shoe 
908 may tiien be removed by drilling out the shoe 908 using conventional 
drilling metiiiods. 

In an alternative embodimmt, during the extrusion process, it may be 
20 necessary to remove the entire ^paratus 900 from the interior of the wellbore 
due to a malfunction. In this circumstance, a conventional drill string is used to 
drill out the interior sections of the apparatus 900 in order to facilitate the 
removal of the remaining sections. In a preferred embodiment^ the interior 
elements of the apparatus 900 are fabricated from materials such as, for 
25 example, cement and aluminiun, that permit a conventional drill string to be 
employed to drill out the interior conq>onents. 

In particular, in a preferred embodiment, the con4)osition of the interior 
sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, 
30 the lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the 

housing 954, the body of cement 956, the sealing sleeve 958, and the extension 
tube 960, are selected to pomit at least some of these components to be drilled 
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out using conventional drilling methods and apparatus. In this manner, in the 
event of a malfunction downhole, the ^paratus 900 may be easily removed 

from the wellbore. 

Referring now to Figs. 10a, 10b, 10c, lOd, lOe, lOf, and lOg a method and 
5 apparatus for creating a tie-back liner in a weUbore will now be described. As 
illustrated in Pig. lOa, a wellbore 1000 positioned in a subterranean formation 
1002 indudes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably uncludes a tubular liner 1008 and a 
cement annulus 1010. The second casfaxg 1006 preferably includes a tubular 
10 liner 1012 and a cement annulus 1014. In a preferred embodiment, the second 
casing 1006 is formed by expanding a tubular member substantially as 
described above with reference to Figs. l-9c or below with reference to Pigs, 
lla-llf. 

In a particularly preferred embodiment, an upper portion of the tubular 
15 liner 1012 overlaps with a lower portion of the tubular liner 1008. In a 

particularly preferred embodiment, an outer surface of the upper portion of the 
tubular liner 1012 indudes one or more sealing members 1016 for providing a 
fluidic seal between the tubular liners 1008 and 1012. 

Referring to Fig. 10b, in order to create a tie-back liner that extends firom 
20 the overlap between the first and second casings, 1004 and 1006, an apparatiis 
1100 is preferably provided that indudes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115. one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 

support member 1150. 
25 The expandable mandrel or pig 1105 is coupled to and supported Iqr the 

support member 1150. The expandable mandrel 1105 is preferably adiq>ted to 
controllabfy expand in a radial dhrection. The expandable mandrel 1105 may 
comprise any number of conventional commerdaUy available expandable 
mandrels modified in accordance with the teachings of the present disdosure. 
30 In a preferred embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substantially as disdosed in U^. Pat. No. 5,348.095, the 
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disclosure of whidi is incorporated herein by reference, modified in accordance 
vfiih the teachings of the present disclosure. 

The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction 
5 and extruded off of the expandable mandrel 1105. The tubular member 1110 
may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods, 13 chromium tubing or plastic piping. In a preferred 
embodiment, the tubular member 1110 is fabricated from Oilfield Country 
Tubular Croods. 

10 The inner and outer diameters of the tubular member 1110 may range, 

for example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the inner and outer diameters of the 
tubular member 1110 range from about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide coverage for typical oilfield casing 

15 sizes. The tubular member 1110 preferably comprises a solid member. 

In a preferred embodiment, the upper end portion of the tubular member 
1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 

20 minimize the possibility of buckling. For typical tubular member 1110 
materials, the length of the tubidar member 1110 is preferably limited to 
between about 40 to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the 
tubular member 1110. The shoe 1115 includes the fluid passage 1135. The 

25 shoe 1115 may comprise any number of conventional commerciaUy available 
shoes such as, for ezanq>le, Super Seal II float shoe, Super Seal 11 Down-Jet 
float shoe or a guide shoe with a sealing sleeve for a latdi down plug modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the shoe 1115 comprises an aluminum down-jet guide shoe with a 

30 sealing sleeve for a latch-down plug with side ports radiating of the exit flow 
port available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimally 
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guide the tubular member 1100 to the overlap between the tubular member 
1100 and the casing 1012, optimally fluidicty isolate the interior of the tubular 
member 1100 after the latch down plug has seated, and optimally permit 
drilling out of tiie shoe 1115 after completion of the expansion and cementing 
5 operations. 

In a preferred embodiment, the shoe 1115 indudes one or more side 
ouHet ports 1140 hi Cluidic communication with the fltiid passage 1135. In this 
manner, the shoe 1115 injeeba hardenable fluidic sealing material mto the 
region outside the shoe 1115 and tubular member 1110- In a preferred 
10 embodiment, the shoe 1115 indudes one or more of the fluid passages 1140 
each having an inlet geometry that can receive a dart and/or a ball sealing 
member. In this maimer, the fluid passages 1140 can be sealed off by 
introdudng a plug, dart and/or ball sealing dements mto the fluid passage 
1130. 

15 The cup seal 1120 is coupled to and supported by the support member 

1150. The cup seal 1120 prevents fordgn materials from entwmg the mterior 
r^on of the tubular member 1110 a^acent to the expandable mandrd 1105. 
The cup seal 1120 may comprise any number of conventional commerdally 
available cup seals such as, for exan^le, TP cups or Selective Injection Packer 

20 (SIP) cups modified in accordance with the teachings of the present disdosure. 
In a preferred embodiment, the cup seal 1120 comprises a SIP cup, available 
from Halliburton Energy Services in DaUas, TX in order to optimally provide a 
barrio' to ddt>ris and cmitain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 

25 from the mterior region of the tubular member 1110 bdow the expandable 
mandrel 1105. The fluid passage 1130 is coiqded to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 
1130 preferabfy extends from a position adjacent to the surface to the bottom of 
the expandable mandrel 1105. The fluid passage 1130 is preferably positioned 

30 along a centerline of the apparatus 1100. The fluid passage 1130 is preferably 
selected to transport materials such as cement, drilling mud or epoxies at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,00 
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psi in order to optimally provide sufBdent operating pressures to circulate 
fluids at operationally efiBcient rates. 

The fluid passage 1135 permits fltddic materials to be transmitted from 
fluid passage 1130 to the interior of the tubtdar member 1110 below the 
5 mandrel 1105. 

The fluid passages 1140 permits fluidic materials to be transported to 
and from the r^on exterior to the tubular memb^ 1110 and shoe 1115. The 
fluid passages 1140 are coupled to and positioned within Ihe shoe 1115 in fluidic 
communication with the interior region of the tubtdar member 1110 below the 

10 expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in the 
fluid passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
mandrd 1105 can be fluididy isolated from the region exterior to the tubular 

15 member 1105. This permits the interior region of the tubular mraiber 1110 
below the ea^andable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of 
the shoe 1115. The fluid passages 1140 are preferably sdected to convey 
materials such as cement, drilling mud or epozies at flow rates and pressures 

20 ranging from about 0 to 3,000 gaUons/minute and 0 to 9,000 psi in order to 
optimally fill the annular region between the tubular member 1110 and the 
tubular liner 1008 with fluidic materials. In a preferred embodiment, the fluid 
passages 1140 indude an inlet geometry that can receive a dart and/or a ball 
sealing member. In this manner, the fluid passages 1140 can be sealed oS by 

25 introducing a plug» dart and/or ball sealing el^nents into the fluid passage 
1130. In a prefCTred embodiment^ the apparatus 1100 indudes a plurality of 
fluid passage 1140. 

In an alternative embodimmt» tJie base of the shoe 1115 indudes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a 

30 plug, or other similar device, to permit tiie interior region of the tubular 
membra 1110 to be fluididy isolated from the exterior of the tubular member 
1110. 
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The seals 1145 are coupled to and supported by a lower end portion of 
the tubular memba 1110. The seals 1145 are fiirther positioned on an outer 
surface of the lower end portion of the tubular membOT 1110. The seals 1145 
permit the overlapping joint between the upper end portion of the casing 1012 
5 and the lower end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1146 may comprise any number of conventional conmiercially 
available seals such as, for example, lead, rubb^, Teflon or espoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the seals 1145 comprise seals molded from Stratalock epoxy 
10 available from Halliburton Enmrgy Services in Dallas, TX in order to optimally 
provide a hydraulic seal in the overlapping joint and optimally provide load 
carrying capacity to withstand the range of typical tensile and compressive 
loads. 

In a preferred embodiment, the seals 1145 are selected to optimally 
15 provide a sufficient firictional force to support the expanded tubular member 
1110 from the tubular liner 1008. In a preferred embodiment, the frictional 
force provided by the seals 1145 ranges from about 1,000 to 1,000,000 Ibf in 
tension and compression in order to optimal^ support the expanded tubular 
member 1110. 

20 The support member 1150 is coupled to the expandable mandrel 1105, 

tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centralizers (not 

25 illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantily of lubricant 1150 is provided in 
the annular region above the expandable mandrd 1105 within the interior of. 
the tubidar member 1110. In this manner, the extrusion of the tubular 
member 1110 off of the expandable mandrd 1105 is facilitated. The lubricant 

30 1150 may comprise any number of convmtional commercially available 

lubricants such as, for example, Lubriplate, chlorine based lubricants or Climax 
1500 Antiseize (3100). In a preferred embodiment, tJie lubricant 1150 
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coH^yrises Climax 1500 Antiseize (3100) available from Climaz Lubricants and 
Equipm^t Co. in Houston, TX in order to optimally provide lubrication for the 
estrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly 
5 cleaned prior to assembly to the remaining portions of the apparatus 1100. In 
this manner, the introduction of foreign material into the apparatus 1100 is 
minimized. This minimizes the posajbiliiy of foreign material clogging the 
various flow passages and valves of the i^iparatus 1100 and to ensure lliat no 
foreign material interferes with tlie e2q>ansion mandrel 1105 during the 

10 extrusion process. 

In a particular^ preferred embodiment, the apparatus 1100 includes a 
packer 1155 coupled to the bottom section of the shoe 1115 for fluididy 
isolating the region of the wellbore 1000 below the apparatus 1100. In this 
manner, fluidic materials are prevented from entering the region of the 

15 wellbore 1000 below the apparatus 1100. The packer 1155 may comprise any 
number of conventional commercially available packers such as, for example, 
BZ Drill Packer, EZ SV Packer or a drillable cement retainer. In a preferred 
^nbodiment, tiiie packer 1155 comprises an EZ Drill Packer available from 
Hallibiurton Einergy Services in Dallas, TX. In an alternative embodiment, a 

20 hi^ gel strCTtgth pill may be set below the tie-back in place of the packer 1155. 
In another alternative embodiment, the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 
1100 within the wellbore 1100, a couple of wellbore volumes are circulated in 
order to ensure that no foreign materials are located within the wellbore 1000 

25 that might dog up the various flow passages and valves of the apparatus 1100 
and to ensure that no foreign material interferes with the operation of the 
espanision mandrel 1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1160 is 
then piunped from a surfiace location into the fluid passage 1130. The material 

30 1160 then passes from the fluid passage 1130 into the interior region of the 
tubular member lilO below the expandable mandrel 1105. The material 1160 
then passes from the interior region of the tubular member 1110 into the fluid 
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passages 1140. The material 1160 then exits the apparatus 1100 and fills the 
annular region between the exterior of the tubular member 1110 and the 
interior wall of the tubular liner 1008. Continued pimiping of the material 1160 
causes the material 1160 to fill up at least a portion of the annular region. 
5 The material 1160 may be piunped into the annular region at pressures 

and flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 
gallonsAnin, respectively- In a preferred embodiment^ the matmal 1160 is 
pumped into the annidar region at pressures and flow rates specifically 
designed for the casing sizes being run, the annidar spaces being filled, the 

10 pumping equipment available, and the properties of the fluid being pumped. 
The optimum flow rates and pressxures are preferabty calculated using 
conventional empirical methods. 

The hardenable fluidic sealing material 1160 may comprise any number 
of ronventional commercially available hardenable fluidic sealing materials sudi 

15 as, for example, slag mix, cement or eposy. In a preferred embodiment, the 
hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available firom Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the 
tubular member 1110 while maintainmg optimum flow characteristics so as to 

20 minimize operational difficulties during the displacement of cement in the 
amiular region- The optimum blend of the blended cements are preferably 
determined using conventional empirical methods. 

The gTiTiiilgr region may be filled with the material 1160 in sufficient 
quantities to ^isure that, upon radial expansion of the tubidar member 1110, 

25 the aimularr^on will be filled with material 1160. 

As illustrated in Fig. lOd, once the annular region has been adequatefe^ 
filled with material 1160, one or more plugs 1165, or otlier simflar device, 
preferably are introduced mto the fluid passages 1140 ther^y fluididy isolating 
the interior region of the tubular member 1110 from the anntdar r^on 

30 external to the tubxilar member 1110. In a preferred embodiment, a non 
hardenable fluidic material 1161 is then pumped into the interior region of the 
tubular member 1110 below the mandrel 1105 causing the interior region to 
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pressurize. In a particular^ preferred embodiment, the one or more plugs 
1165, or other similar devices, are introduced into the fluid passage 1140 with 
the introduction of the non hardenable fluidic material. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular 
5 member lllO is minimized. 

As illustrated in Pig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded off of the expandable 
mandrel 1105. During the extrusion process, the expandable mandrel 1105 is 
raised out of Hie expanded portion of the tubular member 1110. 

10 The plugs 1165 are preferably placed into the fluid passages 1140 by 

introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such 
as, for example, brass balls, plugs, rubber balls, or darts modified in accordance 

15 with the teachings of the present disclosure. 

In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment^ for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart. 

After placement of the plugs 1165 in the fluid passages 1140, the non 

20 hardenable fluidic material 1161 is preferably pumped into the intmor r^on 
of the tubular member 1110 below the mandrel 1105 at pressures and flow 
rates ranging from approximately 500 to 9,000 psi and 40 to 3,000 gallons/min. 
In a preferred embodiment, after placement of the plugs 1165 in the fluid 
passages 1140, the non hardenable fluidic material 1161 is preferably pumped 

25 into the intador r^on of the tubular member 1110 below the mandrel 1105 at 
pressures and flow rates rangmg firom ^proximately 1200 to 8500 psi and 40 to 
1250 gallonsAnin in order to optimally provide extrusion of typical tubulars. 

For lypical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrd 1105 will begin when the pressure of the 

30 interior region of the tubular member 1110 below the mandrel 1105 reaches, for . 
example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 
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b^ins when the pressure of tiie interior region of the tubular member 1110 
below the mandrel 1105 reaches approximately 1200 to 8500 psi. 

During the extrusion process, the expandable mandrel 1105 may be 
raised out of the expanded portion of the tubular member 1110 at rat^ 
5 ranging, for example, from about 0 to 5 ft/sec. In a preferred embodiment, 
during the extrusion process, the expandable mandrel 1105 is raised out of the 
expanded portion of the tubular member 1110 at rates ranging firom about 0 to 
2 ft/sec in order to optimally provide permit ac^ustment of operational 
parameters, and optimally ensure that the extrusion process will be completed 

10 before the material 1160 cures. 

In a preferred embodiment, at least a portion 1180 of the tubular 
member 1110 has an internal diameter less than the outside diameter of the 
mandrel 1105. In this manner, when the mandrel 1105 expands the section 
1180 of the tubular member 1110, at least a portion of the expanded section 

15 1180 effects a seal with at least the wellbore casing 1012. In a particularly 
preferred embodiment^ the seal is effected by compressing the seals 1016 
between the expanded section 1180 and the wellbore casing 1012. In a 
preferred embodiment^ the contact pressure of the joint between the expanded 
section 1180 of the tubular member 1110 and the casing 1012 ranges from 

20 about 500 to 10,000 psi in order to optimally provide pressure to activate the 
sealing members 1145 and provide optimal resistance to ensure that the joint 
will withstand typical extremes of tensile and compressive loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular m^nber 1110 has an intmial diameter less than the 

25 outside diamets of the mandrel 1105. In this manner, extrusion of the tubular 
member 1110 by the mandrel 1105 results in contact between substantially all 
of the expanded tubular menober 1110 and the existing casing 1008. In a 
preferred embodiment, the contact pressure of the joint between the expanded 
tubular member 1110 and the casings 1008 and 1012 ranges from about 500 to 

30 10,000 psi in order to optimally provide pressure to activate the sealing 
members 1145 and provide optimal resistance to ensure that the joint will 
withstand typical extremes of tensile and compressive loads. 
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In a preferred enibodiment, the tiperating pressure and flow rate of the 
material 1161 is controUabfy ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
sudden release of pressure caused by the complete extrusion of the tubular 
5 member 1110 off of the expandable mandrel 1105 can be minimized. In a 
preferred embodiment, the operating pre^ure of the fluidic material 1161 is 
reduced in a substantial^ linear fashion from 100% to about 10% during tiie 
end of the extrusion process begiiming when the mandrel 1105 has completed 
approximately all but about 5 feet of the estrusion process* 
10 Alternatively, or in combination, a shock absorber is provided in the 
support member 1150 in order to absorb the shock caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is 
provided in the upper end portion of the tubular member 1110 in order to catch 

15 or at least decelerate the mandrel 1105. 

Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 
1105, the integrity of the fluidic seal of the joint between the upper portion of 

20 the tubular member 1110 and the upper portion of the tubular liner 1108 is 
tested using conventional methods. If the fluidic seal of the joint between the 
upper portion of the tubular member 1110 and the upper portion of the tubular 
liner 1008 is satisfiactoiy, then the uncured portion of the material 1160 within 
the expanded tubular member 1110 is then removed in a conventional manner. 

25 The matoial 1160 witiiin the annular region between the tubular member 1110 
and the tubtilar liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf, preferably any r^naining cured material 1160 
^thin the int»ior of the expanded tabular member 1110 is then removed in a 
conventional manner using a conventional drill string. The r^ulting tie*back 

30 liner of casing 1170 indudes the expanded tubular meniber 1110 and an outer 
annular layer 1175 of cured material 1160. 
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As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferabfy removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods. 

In a particularly preferred embodiment, the apparatus 1100 incorporates 
5 the apparatus 900. 

Referring now to Figs, lla-llf, an embodiment of an apparatus and 
method for hanging a tubular liner off of an existing wellbore casing will now be 
described. As illustrated in Fig. 11a, a wellbore 1200 is positioned in a 
subterranean formation 1205. The wellbore 1200 includes an existing cased 
10 section 1210 having a tubular casing 1215 and an annular outer layer of cement 
1220. 

In order to extend the wellbore 1200 into the subterranean formation 
1205, a drill string 1225 is used in a well known maimer to drill out material 
from the subterranean formation 1205 to form a new section 1280. 

15 As illustrated in Fig. lib, an s^paratus 1300 for forming a wellbore 

casing in a subterranean formation is then positioned in the new section 1230 
of the wellbore 100. The ^paratus 1300 preferably indudes an expandable 
mandrel or pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, 
a fluid passage 1330, a fluid passage 1335, seals 1340, a support member 1345, 

20 and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1346. The expandable mandrel 1305 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1305 may 
comprise any number of conventional commercially available expandable 

25 mandrels modified in accordance with the teachings of the present disclosure. 
In a preferred onbodiment, the expandable mandrel 1305 comprises a hydraulic 
espansion tool substantiaUy as disdosed in U.S. PaL No. 5,348,095, the 
disclosure of which is incorporated herein Iqr reference, modified in accordance 
witii the teachings of the present disdosure. 

30 The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 1305. The tubular 
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member 1310 may be fabricated fi:t3m any number 5f materials such as, for 
example, Oilfield Country Tubular (roods (OCTG), 13 chromium steel 
tubing/casing or plastic casing. In a preferred embodiment, the tubular 
member 1310 is fabricated from OCTG. The inner and outer diameters of the 
5 tubular member 1310 may range, for example, from approximately 0.75 to 47 
inches and 1.05 to 48 inches, respectively. In a prrferred embodim^t, the 
inner and out^ diameters of the tubular member 1310 range from about 3 to 
15.5 inches and 3.5 to 16 inches, respectively in order to optimally provide 
minimal telescoping effect in the most commonly encoimtered wdlbore sizes. 

10 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper 
portion 1355 of the tubular member 1310 range from about 3/8 to 1 V2 inches 
and 3 V& to 16 inches, respectively. In a preferred embodiment, the wall 

15 Uuckness and outer diameter of the intermediate portion 1360 of the tubular 
member 1310 range from about 0.625 to 0.75 inches and 3 to 19 inches, 
respectively. In a preferred embodiment, the wall thickness and outer 
diameter of the lower portion 1365 of the tubular member 1310 range from 
. about 3/8 to 1.5 inches and 3.5 to 16 inches, respectively. 

20 In a particularly preferred embodiment, the outer diameter of the lower 

portion 1365 of the tubular member 1310 is significantly less than the outer 
diameters of the upper and intermediate portions, 1355 and 1360, of the 
tubular member 1310 in order to optimize the formation of a concmtric and 
overlapping arrangement of wellbore casings. In. this manner, as will be 

25 described bdowwitii reference to Figs. 12 and 13, a wellhead s^tem is 
optimally provided. In a preferred embodiment, the formation of a wellhead 
system does not indude tiie use of a hardmable fluidic material 

In a particularly prefored embodiment, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to 

30 the wall thickness of the upper and lower sections, 1355 and 1365, of the 
tubular member 1310 in order to optimally fodliate the initiation of the 
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extrusion process and optimally pomit the placement of the i^paratus in areas 
of the wellbore having tight dearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1355 of the tubular member 1310 
5 is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tabular member 1310 materials, the length 
of tiie tubular member 1310 is preferably limited to between about 40 to 20,000 

10 feet in length. 

The shoe 1315 is coupled to the tubular member 1310- The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
Super Seal II float shoe. Super Seal II Down-Jet float shoe or guide shoe with a 

15 sealing sleeve for a latch-down plug modified in accordance with the teachings 
of the present disdosure. In a preferred embodiment^ the shoe 1315 comprises 
an aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug 
available from Halliburton Enei^ Services in Dallas, TX, modified in 
accordance with the teadiings of the present disdosure, in order to optimaUy 

20 guide the tubular member 1310 into the wdlbore 1200, optimally fluididy 
isolate the interior of the tubular member 1310, and optimally permit the 
complete drill out of the shoe 1315 upon the completion of the extrusion and 
cem^ting operations. 

In a preferred embodiment, the shoe 1315 further indudes one or more 

25 side outlet ports in fluidic commimication with the fluid passage 1330. In this 
manner, the shoe 1315 preferably lAjects hardenable fluidic sealing material 
into the region outside the shoe 1315 and tubular member 1310. In a preferred 
embodiment, the shoe 1315 includes the fluid passage 1330 having an inlet 
geometzy that can receive a fluidic sealing member. In this manner, the fluid 

30 passage 1330 can be sealed off hy introducing a plufe dart and/or ball sealmg 
dements into the fluid passage 1330. 
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The fluid passage 1320 permits fluidic materials to be transported to and 
£rom the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
supjport member 1345 and the expandable mandrel 1305« The fluid passage 
5 1320 preferably extends &om a position adjacent to the surface to the bottom of 
the expandable mandrel 1305. The fluid passage 1320 is pr^CTabl^y positioned 
along a centerline of the apparatus 1300* The flidd passage 1320 is preferably 
selected to transport materials such as cement, drilling mud, or epoxies at flow 
rates and pressures ranging from about 0 to 3,000 gallons/mmute and 0 to 9,000 

10 psi in order to optimally provide sufBdent operating pressures to circulate 
fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubtdar member 1310 and shoe 1315* The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fltudic 

15 commimication with the interior region 1370 of the tubular member 1310 below 
the expandable mandrel 1305. The fluid passage 1330 preferably has a cross* 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this 
manner, the interior region 1370 of the tubular member 1310 below the 

20 expandable mandrel 1305 can be fluididy isolated from the region exterior to 
the tubular member 1310. This permits the interior region 1370 of the tubular 
member 1310 below the expandable mandrel 1305 to be pressurized. The fluid 
passage 1330 is preferably positioned substantially along tiie centerline of the 
apparatus 1300. 

25 The fluid passage 1330 is preferabty selected to conv^ materials such as 

cement^ drilling mud or epoxies at flow rates and pressures ranging from about 
0 to 3,000 gallons^unute and 0 to 9,000 psi in order to optimally fill the 
annular region between the tubular member 1310 and the new section 1230 of 
the wellbore 1200 vritii fliudic materials. In a prefi^nred embodiment, the fluid 

30 passage 1330 includes an inlet geometry that can receive a dart and/or a ball 
sealing memba. In this manner, the fluid passage 1330 can be sealed off by 
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introducing a plug, dart and/or ball sealing elements into the fluid passage 
1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
from thereon exterior to the tubular member ISIO and shoe 1315. The fluid 

5 passage 1335 is coupled to and positioned -within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is 
preferably positioned substantially along the centerliiie of the ^aratus 1300. 
The fluid passage 1335 is preferably selected to conv^ materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 

10 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the 

annular region between the tubular member 1310 and the new section 1230 of 
the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upp^ end portion 
1355 of the tubular member 1310. The seals 1340 are ftirther positioned on an 

15 outer surface ofthe upper end portion 1355 ofthe tubular member 1310. The 
seals 1340 permit the overlapping joint between the lower end portion of the 
casing 1215 and the upper portion 1355 ofthe tubular member 1310 to be 
fluididy sealed. The seals 1340 may comprise any number of conventional 
commercially available seals such as, for example, lead, rubber, Teflon, or epoxy 

20 seals modified in accordance with the teachings of the present disclosure. In a 
preferred embodiment, the seals 1340 comprise seals molded from Stratalock 
epoxy available from Halliburton Energy Services ia Dallas, TX in order to 
optimaUy provide a hydrauHc seal in the annulus ofthe overlapping joint while 
also creating optimal load bearing capabilily to withstand typical tensile and 

25 compr^sive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 
1310 from the existing casing 1215. In a preferred embodiment, the frictional 
force provided by the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in 

30 order to optimal^ support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to cany the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more 
conventional centralizers (not illustrated) to help stabilize the tubular member 
5 1310. 

In a preferred embodiment^ the support member 1345 is thoroughly 
deaned prior to assembly to the remaining portions of the apparatus 1300. In 
Ihis manner, the introduction of foreign material into the apparatus 1300 is 
minimized. This nunimizes the possibility of foreign material clogging the 

10 various flow passages and valves of the apparatus 1300 and to ensure that no 
foreign material interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
r^on 1370 of the tubular memba: 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 

15 may comprise one or more conventional commercially avaflable wiper plugs 
such as, for example, Multiple Stage Cementer latch-down plugs, Omega latch- 
down plugs or three-wiper latch-down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the wiper plug 
1350 comprises a Multiple Stage Cementer latch-down plug available from 

20 Halliburton Energy Services in Dallas, TX modified in a conventional manner 
for releasable attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 
1300 within the new section 1230 of the wellbore 1200, a couple of wellbore 
volumes are circulated in order to ensure that no foreign materials are located 

25 wilhin the wellbore 1200 that mig^t dog up the various flow 

valves of the apparatus 1300 and to ensure that no foreign material interferes 
with the extrusion process. 

As illustrated in Pig. 11c, a hardenable fluidic sealing material 1380 is 
then pumped from a surface location into the fluid passage 1320. The material 

30 1380 then passes from the fluid passage 1320, throu^ the fluid passage 1375, 
and into the interior r^on 1370 of the tubular member 1310 below the 
expandable mandrdl 1305. The material 1380 then passes from the interior 
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region 1370 into the fluid passage 1330« The material 1380 then eadts the 
apparatus 1300 via the fluid passage 1335 and fiUs the annular region 1390 
between the exterior of the tubular member 1310 and the interior wall of the 
new section 1230 of the wellbore 1200. Continued pumping of the material 
5 1380 causes tiie material 1380 to fill up at least a portion of the annular region 
1390, 

The material 1380 may be pumped into the annular r^on 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/min, respectively. In a preferred embodiment, the material 1380 
10 is piunped into the annular region 1390 at pressures and flow rates ranging 
from about 0 to 6000 psi and 0 to 1,500 gallonsAnin, respectively, in order to 
optimally fill the annular region between the tubular member 1310 and the new 
section 1230 of the wellbore 1200 with the hardenable fluidic sealing material 
1380. 

15 The hardenable fluidic sealing material 1380 may comprise any nmnber 

of conventional conmiercially available hardenable fluidic sealing materials such 
as, for example, slag mix, cement or eposy* In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drilled and available from Halliburton 

20 Energy Services in order to optimally provide support for the tubular member 
1310 during displacement of the material 1380 in the annular region 1390. The 
optimum blend of the cement is preferably determined using conventional 
empirical methods. 

The annular region 1390 preferably is filled with the material 1380 in 

25 sufficient quantities to ensure that, upon radial expansion of the tubular 

member 1310, the annular region 1390 of the new section 1230 of the wellbore 
1200 will be filled with material 1380. 

As illustrated in Pig. lid, once the annular region 1390 has been 
adequate^ filled with material 1380, a wiper dart 1395, or other similar device, 

30 is introduced into the fluid passage 1320. The wiper dart 1395 is preferably 
piunped throu^ the fluid passage 1320 by a non hard^able fluidic material 
1381. The wiper dart 1395 then preferably engages the wiper plug 1350. 
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As illustrated in Fig. lie, in a preferred embodiment, engagement of the 
wiper dart 1395 with the wiper plug 1350 causes the wiper plug 1350 to 
decouple from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 
then preferably will lodge in the fluid passage 1330, thereby blocking fluid flow 
5 throu^ the fluid passage 1330, and fluididy isolating the interior region 1370 
of the tubular member 1310 from the annular r^on 1390. In a preferred 
embodiment) the non hardenable fluidic matmal 1381 is then pumped into the 
intOTor region 1370 causing the interior region 1370 to pressurize. Once the 
interior region 1370 becomes sufQciently pressurized, the tubular member 1310 

10 is extruded off of the expandable mandrel 1305. During the extrusion process, 
the expandable mandrel 1305 is raised out of the expanded i>ortion of the 
tubular member 1310 by the support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
inlarodudng the wiper dart 1395 into the fluid passage 1320 at a surface location 

15 in a conventional maimer. The wipCT dart 1395 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such 
as, for example, Multiple Stage Cementer latch-down plugs. Omega latch-down 
plugs or three wiper latch-down plug/dart modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the wiper dart 

20 1395 comprises a three wiper latch-down plug modified to latch and seal in the 
Multiple Stage Cementer latch down plug 1350. The three wiper latch-down 
plug is available from Halliburton Energy Services in Dallas, TX. 

A&er blocking the fluid passage 1330 tising the wiper plug 1330 and 
wiper dart 1395, the non hardenable fluidic material 1381 may be pumped into 

25 the interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 5000 psi and 0 to 1,500 gallons/min in order to optimalbr 
extrude the tubidar member 1310 off of the mandrel 1305. In this manner, the 
amomit of hardenable fluidic material within the interior of the tubular 
member 1310 is minimized. 

30 In a preferred embodiment, after blocking the fluid passage 1330, the 

non hardenable fluidic material 1381 is prefioably pumped into the interior 
r^on 1370 at pressures and flow rates ranging from approzimatefy 500 to 
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9,000 psi and 40 to 3,000 gallonsAmn in order to optimally provide operating 
pressures to TnamtaiTi the expansion process at rates sufficient to permit 
adjustments to be made in operating parameters diuring the extrusion process. 
For typical tubular members 1310, the extrusion of the tubular member 
5 1310 off of the expandable mandrel 1305 will b^in when the pressure of the 
interior region 1370 reaches, for example, approximate^ 500 to 9,000 psi. In a 
preferred embodiment, the extrusion of Hie tubular member 1310 off of tixe 
expandable naandrel 1305 is a function of the tubular member diameter, vraH 
thickness of the tubular member, geometry of the mandrel, the type of 

10 lubricant, the composition of the shoe and tubular member, and the yield 
strength of the tubular member. The optimiun flow rate and o]>erating 
pressures are preferably determined using conventional empirical methods. 

Dturing the extrusion proems, the expandable mandrel 1305 may be 
raised out of the expanded portion of the tubtdar member 1310 at rates 

15 ranging, for example, firom about 0 to 5 fl/sec. In a preferred embodiment, 

during the extrusion process, the expandable mandrel 1305 may be raised out of 
the expanded portion of the tubular member 1310 at rates ranging from about 0 
to 2 ft/sec in order to optimally provide an ef&dent process, optimally permit 
operator adjustment of operation paramet^, and ensure optimal completion of 

20 the extrusion process before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is 
extruded off of the expandable mandrel 1305, the outer surface of the upper end 
portion 1355 of the tubular member 1310 will preferably contact the interior 
surface of the lower end portion of the casing 1215 to form an fluid tight 

25 overlapping joint. The contact pressure of the overlsqpping joint ma^ 

example, from approximately 50 to 20,000 psi In a prefored embodiment^ the 
contact pressure of the overlapping joint ranges from approximate^ 400 to 
10,000 psi in order to optimally provide contact pressure sufficient to ensure 
anniilflr sealing and provide enou^ resistance to withstand typical tensile and 

30 compressive loads. In a particularly preferred embodiment^ the sealing 
members 1340 will ensure an adequate fluidic and gaseous seal in the 
overlapping joint. 

-76- 



25791^3.02 



In a preferred enibodiment) the bperatdng pr^ure and flow rate of the 
non hardenable fluidic material 1381 is controllably ramped down when the 
expandable mandrel 1805 reaches the upper end portion 1355 of the tubular 
member 1310. In this manner, the sudden release of pressm'e caused by the 
5 complete extrusion of the tubular member 1310 ofif of the expandable mandrel 
1305 can be minimized. In a preferred embodbnent» the operating i>ressure is 
reduced in a substantially linear fashion from 100% to about 10% during the 
end of the extrusion process beginning when the mandrel 1305 has completed 
approximately all but about 5 feet of the extrusion process. 
10 Alternatively, or in combination, a shock absorber is provided in the 

support member 1345 in order to absorb the shock caused by the sudden release 
of pressure. 

Altemativ^yy or in combination, a mandrel catching structure is 
provided in the upper end portion 1355 of the tubular member 1310 in order to 

15 catch or at least decelerate the mandrel 1305. 

Once the extrusion process ia completed, the expandable mandrel 1305 is 
removed from the wdlbore 1200. In a preferred embodiment, either before or 
after the removal of the expandable mandrel 1305, the integrity of the fliudic 
seal of the overlapping joint between the upper portion 1355 of the tubular 

20 member 1310 and the lower portion of tibe casing 1215 is tested using 

conventional methods. If the fluidic seal of the ov^lapping joint between the 
upper portion 1355 of the tubular member 1310 and the lower portion of the 
casing 1215 is satiisfactoiy, then the uncured portion of the material 1380 
within the expanded tubular member 1310 is then removed in a conventional 

25 manner. The material 1380 within the annular region 1390 is then allowed to 
cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new 
3D section of casing 1400 includes the expanded tubular membar 1310 and an 
outer aimidar layer 1405 of cured material 305. The bottom portion of the 
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s^paratus 1300 comprising the shoe 1315 may then be removed by drilling out 
the shoe 1315 using conventional drilling methods. 

Referring now to Figs. 12 and 13, a preferred embodiment of a wellhead 
^tem 1500 formed xising one or more of the apparatus and processes described 
5 above with reference to Figs. 1-llf will be described. The wellhead system 1500 
preferably includes a conventional Christmas tre^drilling spool assembly 1505, 
a thick wall casing 1510, an nT^milaT body of cement 1515, an outer casing 1520, 
an annular body of cement 1525, an intermediate casing 1530, and an inner 
casmg 1535. 

10 The Christmas tree/drilling spool assenibly 1505 may comprise any 

number of conventional Christmas tree/drilling spool assemblies such as, for 
example, the SS-15 Subsea Wellhead System, Spool Tree Subsea Production 
System or the Compact Wellhead System available &om suppliers such as Dril- 
Quip, Cameron or Breda, modified in accordance with the teachmgs of the 

15 present disdosure. The drilling spool assembly 1505 is preferably operably 
coupled to the thick wall casing 1510 and/or the outer casing 1520. The 
assembly 1505 may be coupled to the thick wall casing 1510 and/or outer casing 
1520, for example, by welding, a threaded connection or made from single stock. 
In a preferred embodiment, the assembly 1505 is coupled to the thick wall 

20 casing 1510 and/or outCT casing 1520 by welding. 

The thick wall casing 1510 is positioned in the upper end of a wellbore 
1540. In a preferred embodiment^ at least a portion of the thick wail casing 
1510 extends above the surface 1545 in order to optimally provide easy access 
and attachment to the Christmas tree/drilling spool ass^nbly 1505. The thick 

25 waU casing 1510 is preferably coupled to the Christmas tre^drilling spool 
assembly 1505, the annular bodjr of cement 1515, and the outer casing 1520. 

The thick wall casing 1510 may comprise any number of conventional 
comm^dally available hi^ strength wellbore casings such as, for example, 
Oilfield Country Tubular Goods, titanium tubing or stainless steel tubing. In a 

30 preferred embodiment, the thick wall casing 1510 comprises Oilfield Coxmtry 
Tubular Goods available from various foreign and domestic steel mills. In a 
prderred embodiment, the thick wall casing 1510 has a yield strength of about 
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40,000 to 135,000 psi in order to optimally provide maxlTniiTn btirst, collapse, 
and tensile strengths. In a preferred embodiment, the thick wall casing 1510 
has a failure strength in excess of about 5,000 to 20,000 psi in order to 
optimally provide maYimnm operating capacity and resistance to degradation of 
5 capadly after being drilled through for an eactended time period. 

The annular body of cement 1515 provides support for the thick wall 
casing 1510. The annular body of cement 1515 may be provided using any 
number of conventional processes for forming an annular body of cement in a 
wellbore. The amnilar bo<^ of cement 1515 may comprise any number of 

10 conventional cement mixtures. 

The outer casing 1520 is coupled to the thick wall casing 1510. The outer 
casing 1520 may be fabricated firom any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment^ the outer casing 1520 comprises 

15 any one of the expandable tubular members described above with reference to 
Pigs, l-llf. 

In a preferred embodiment^ the outer casing 1520 is coupled to the thick 
wall casing 1510 by expanding the outer casing 1520 into contact with at least a 
portion of the interior surface of the thick wall casing 1510 using any one of the 

20 embodiments of the processes and apparatus described above with reference to 
Figs. 1-llf. In an alternative embodiment, substantially ail of Uie overlap of the 
outer casing 1520 vrith the thick wall casing 1510 contacts with the interior 
surface of the thick wall casing 1510. 

The contact pressure of the interface between tiie outer casing 1520 and 

25 tilie thick wall casing 1510 may range, for example, firom about 500 to 10,000 
psL Inapreferredembodiment, the contact pressure between tlie outer casing 
1520 and the thick vrall casing 1510 ranges firom about 500 to 10,000 psi in 
order to optimally activate the pressure activated sealing members and to 
ensure that the overlapping joint will optimally withstand typical extremes of 

30 tensile and compressive loads that are experienced during drilling and 
production operations. 
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As illustrated in Fig. 13, in a particularly preferred embodiment, the 
upper end of the outer casing 1520 includes one or more sealing members 1550 
that provide a gaseous and fluidic seal between the expanded outer casing 1520 
and the interior wall of the thick wall casing 1510. The sealing members 1550 
5 may comprise any ntunber of conventional commercially available seals such as, 
for example, lead, plastic, rubber, Teflon or epoxy, modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the sealing 
members 1550 comprise seals molded &om StrataLock epoxy available from 
HaUiburton Energy Services in order to optimally provide an hydraulic seal and 

10 a load bearing interference fit between the tubular members. In a preferred 
embodiment^ tiie contact pressure of the interface between the thick waU casing 
1510 and the outer casing 1520 ranges from about 500 to 10,000 psi in order to 
optimally activate the sealing members 1550 and also optimally ensure that the 
joint will withstand the typical operating extremes of tensile and compressive 

15 loads during drilling and production operations. 

In an alternative preferred embodiment, the outer casing 1520 and the 
thick walled casing 1510 are combined in one unitary member. 

The annular bo4y of cement 1525 provided support for the outer casing 
1520. In a preferred embodiment^ the anmilflr bo4y of cement 1525 is provided 

20 using any one oif tiie embodimrats of the apparatus and processes described 
above with reference to Pigs. 1-llf. 

The intermediate casing 1530 may be coupled to tiie outer casing 1520 or 
the thick wall casing 1510. In a preferred embodiment, the intermediate casing 
1530 is coupled to the thick waU casing 1510. The intermediate casing 1530 

25 maybefiedbricatedfiromanynumber of conventional conmierciaUya^ 
tubular m^nbers modified in accordance with the teachings of the present 
disclosure. In a preferred embodimrat^ the intermediate casing 1530 comprises 
any one of the expandable tubular members described above with reference to 
Pigs. Mlf. 

30 In a preferred embodiment, the intermediate casing 1530 is coupled to 

the thick wall casing 1510 by expanding at least a portion of the intermediate 
casing 1530 into contact with the interior surface of the thidc waU casing 1510 
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using any one of the processes and apparatus described above with reference to 
Figs. 1-llf. In an alternative preferred embodiment^ the entire length of ilie 
overl^^ of the intermediate casing 1530 wiUi the thick wall casing 1510 contacts 
the inner surface of the thick wall casing 1510. The contact pressure of the 
5 interface between the intermediate casing 1530 and the thick wall casing 1510 
may range, for example from about 500 to 10,000 psi. In a preferred 
embodiment^ the contact pressure between the intermediate casing 1530 and 
the thick wall casing 1510 ranges from about 500 to 10,000 psi in order to 
optimally activate the pressure activated sealing members and to optimally 

10 ensure that the joint will withstand typical operating extremes of tensile and 
compressive loads experienced during drilling and production operations. 

As illustrated in Fig. 13, in a particularly preferred embodiment, the 
upper end of the intermediate casing 1530 includes one or more sealing 
members 1560 that provide a gaseous and fluidic seal between the expanded 

15 end of the intomediate casing 1530 and the interior wall of the thick wall 
casing 1510. The sealing members 1560 may conqirise any niunber of 
conventional commercially available seals such as, for example^ plastic, lead, 
rubber. Teflon or epoxy, modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the sealing members 1560 

20 comprise seals molded from StrataLock epo^ available from Hallibturton 
Energy Services in order to optimally provide a hydraulic seal and a load 
bearing interference fit between the tubular members. 

In a preferred embodiment, the contact pressiure of the interface between 
the expanded end of the intermediate casing 1530 and the tiuck wall casing 

25 1510 ranges from about 500 to 10,000 psi in order to optimal^ activate tiie 
sealing membos 1560 and also optimal^ ensure that the joint will withstand 
lypical operating extremes of tensile and compressive loads that are 
experienced during drilling and production operations. 

The inner casing 1535 may be coupled to the outer casing 1520 or the 

30 thick wall casing 1510. In a preferred embodiment, tiie inner casing 1535 is 
coupled to the tiiick wall casing 1510. The inner casing 1535 may be fabricated 
from any number of conventional commercial^ available tubtdar members 

.81- 



25791^3.02 



modified in accordance mih the teadiings of the present disdostire. In a 
preferred embodiment, the inner casing 1535 comprises any one of the 
expandable tubular members described above with reference to Figs. 1-llf. 

In a preferred embodiment, the inner casing 1535 is coupled to the outer 
5 casing 1520 by expanding at least a portion of the inner casing 1535 into 
contact with the interior surface of the thick wall casing 1510 using any one of 
the processes and apparatus described above with reference to Figs. 1-1 If. In 
an alternative preferred embodiment, the entire length of the overlap of the 
inner casing 1535 with the thick wall casing 1510 and intermediate casing 1530 

10 contacts the inner surfaces of the thick waU casing 1510 and intermediate 
casing 1530. The contact pressm^e of the interface between the inner casing 
1535 and the thick wall casing 1510 may range, for example from about 500 to 
10,000 psi. In a preferred embodiment, the contact pressure between the inner 
casing 1535 and the thick wall casing 1510 ranges from about 500 to 10,000 psi 

15 in order to optimally activate the pressure activated sealing members and to 
ensure that the joint will withstand typical extremes of tensile and compressive 
loads that are commonly experienced during drilling and production opwations. 

As illustrated in Fig. 13, in a particularly preferred embodimmt, the 
upper end of the inner casing 1535 includes one or more sealing members 1570 

20 that provide a gaseoiis and fluidic seal between the expanded end of tiie inner 
casing 1535 and the interior wall of the thick wall casing 1510. The sealing 
members 1570 may comprise any number of conventional commercially 
available seals sudi as, for example, lead, plastic, rubber. Teflon or epoxy, 
modified in accordance witii the teachings of the present disclosure. In a 

25 prefCTred embodiment, the sealing members 1570 comprise seals molded fi^m 
StrataLock eposcy available firom Halliburton Energy Services in ord^* to 
optimally provide an hydraulic seal and a load bearing interference fit In a 
preferred embodiment, the contact pressure of the interface between tixe 
expanded end of the inner casing 1535 and the thick wall casing 1510 ranges 

30 fi^om about 500 to 10,000 psi in order to optimally activate tiie sealing members 
1570 and also to optimal^ ensture that the joint will withstand typical operating 
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extremes of tensile and compressive loads that are experienced during drilling 
and production operations. 

In an alternative embodiment, the inner casings, 1520, 1530 and 1535, 
may be coupled to a previously positioned tubular member that is in turn 
5 coupled to the outer casing 1510. More generally, the present preferred 
embodiments may be used to form a concentric arrangement of tubular 
members. 

Referring now to Figures 14a, 14b, 14c, 14d, 14e and 14f, a preferred 
embodiment of a method and apparatus for forming a mono-diameter well 

10 casing within a subterranean formation will now be described. 

As illustrated in Fig. 14a, a wellbore 1600 is positioned in a subterranean 
formation 1605. A first section of casing 1610 is formed in the wellbore 1600. 
The first section of casing 1610 includes an annular outer bod7 of cement 1615 
and a tubular section of casing 1620. The first section of casing 1610 may be 

15 formed in the wellbore 1600 using conventional methods and apparatus. In a 
preferred embodiment, the first section of casing 1610 is formed using one or 
more of the methods and apparatus described above with reference to Fi^. 1-13 
or below with reference to Figs. 14b-17b. 

The annular body of cement 1615 may comprise any number of 

20 conventional commercially available cement, or other load bearing, 
compositions. Alternatively, the body of cement 1615 may be omitted or 
replaced vdih an epaxy mixture. 

The tubular section of casing 1620 preferably includes an upper end 1625 
and a lower end 1680. Preferably^ the lower ead 1625 of the tubular section of 

25 casing 1620 includes an outer annular recess 1635 extmding firom the lower 
end 1630 of tlie tubular section of casing 1620. In this manner, the lower end 
1625 of tbe tubular section of casing 1620 includes a thin walled section 1640. 
In a preferred embodiment, an annular body 1645 of a compressible material is 
coupled to and at least partially position^ witbin the outer annular recess 

30 1635. In this manner, the bo^y of compressible material 1645 surrounds at 
least a portion of the thin walled section 1640. 
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The tubular section of casing 1620 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
country tubular goods, stainless steel, automotive grade steel, carbon steel, low 
alloy steel, fiberglass or plastics. In a preferred embodiment, the tubular 
5 section of casing 1620 is fabricated from oilfield country tubular goods available 
from various foreign and domestic steel mills. The wall thickness of the thin 
walled section 1640 may range from about 0.125 to 1.5 inches. In a preferred 
embodiment, the wall thickness of the thin walled section 1640 ranges from 
0.25 to 1.0 inches in order to optimally provide burst strength for typical 

10 operational conditions while also minimizing resistance to radial expansion. 
The axial length of the thin walled section 1640 may range from about 120 to 
2400 indies. In a preferred embodiment, the axial length of the thin walled 
section 1640 ranges from about 240 to 480 inches. 

The anrmlar body of compressible material 1645 helps to minimize the 

15 radial force required to rapand the tubular casing 1620 in the overlap with the 
tubular member 1715, hdps to create a fluidic seal in the overlap with the 
tubular member 1715, and helps to create an interference fit sufficient to 
permit the tubular member 1715 to be supported by the tubular casing 1620. 
The armular body of compressible material 1645 may comprise any number of 

20 commercial^ available compressible materials such as, for example, epoxy, 
rubber, Teflon, plastics or lead tubes. In a preferred embodiment, the annular 
bo<^ of conq>ressible material 1645 comprises StrataLock epoxy available from 
Halliburton Energy Services in order to optimally provide an hydraulic seal in 
the overleaped joint while also having compliance to thereby minimize the 

25 radial force required to expand the tubular casing. The wall thickness of the 
fltun nlftr body of compressible material 1645 may range from about 0.05 to 0.75 
inches. In a preferred embodiment, the wall thickn«s of the annular bo^y of 
compressible material 1645 ranges from about 0.1 to 0.5 inches in order to 
optimally provide a large compressible zone, minimize the radial forces required 

30 to eaqpand the tubular casing, provide thickness for casing strings to provide 
contact with the ixmer surface of the wellbore upon radial expansion, and 
provide an hydraulic seaL 
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As iUustrated in tig. 14b, in order to eoctend the wellbore 1600 into the 
subterranean formation 1605, a drill string is used in a well known manner to 
drill out material from the subterranean formation 1605 to form a new wellbore 
section 1650. The diameter of the new section 1650 is preferably equal to or 
5 greater than the inner diameter of the tubular section of casing 1620. 

As illustrated in Fig. 14c, a preferred embodiment of an apparatus 1700 
for forming a mono-diameter wellbore casing in a subtmanean formation is 
then positioned in the new section 1650 of the wellbore 1600. The apparatus 
1700 preferably includes a support member 1705, an expandable mandrel or pig 
10 1710, a tubular member 1715, a shoe 1720, slips 1725, a fluid passage 1730, one 
or more fluid passages 1735, a fluid passage 1740, a first compressible annular 
body 1745, a second compressible annular hody 1750, and a pressure chamber 
1755. 

The support member 1705 supports the iq>paratus 1700 within the 

15 wellbore 1600. The support member 1705 is coupled to the mandrell710» the 
tubular member 1715, the shoe 1720, and the slips 1725. The support member 
1075 preferably comprises a substantially hollow tubular member. The fluid 
passage 1730 is positioned within the support member 1705. The fluid passages 
1735 fluidicly couple the fluid passage 1730 with the pressxnre chamber 1755. 

20 The fluid passage 1740 fluidicly couples the fluid passage 1730 with the region 
outside of the apparatus 1700. 

The support mCTober 1705 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
country tubular goods, stainless steel, low alloy steel, carbon steel, 13 diromium 

25 steel, fiber^ass, or other hi^ strength materials* in a preferred embodiment, 
the support member 1705 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally . 
provide operational strength and fadliate the use of other standard oil 
exploration handling equipment. In a preferred embodiment, at least a portion 

30 of the support member 1705 comprises coiled tubing or a drill pipe. In a 
particularly preferred embodiment^ tiie support member 1705 indudes a load 
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shoulder 1820 for supporting the mandrel 1710 when the pressure chamber 
1755 is impressurized 

The mandrel 1710 is supported by and slidingly coupled to the support 
member 1705 and the shoe 1720. The mandrel 1710 preferably includes an 
5 upper portion 1760 and a lower portion 1765. Preferably, the upper portion 
1760 of the mandrel 1710 and the support member 1705 together define the 
pressure chamber 1755. Preferably, the lower portion 1765 of the mandrel 
1710 includes an expansion member 1770 for radially expanding the tubular 
member 1715. 

10 In a preferred embodiment, the upper portion 1760 of the mandrel 1710 

includes a tubular member 1775 having an inner diameter greater than an 
outer diameter of the support member 1705. In this manner, an annidar 
pressure chamber 1755 is defined by and positioned between the tubidar 
member 1775 and the support member 1705. The top 1780 of the tubular 

15 member 1775 preferably includes a bearing and a seal for sealing and 

supporting the top 1780 of the tubular member 1775 against the outer surface 
of the support member 1705. The bottom 1785 of the tubular member 1775 
preferably includes a bearing and seal for sealing and supporting the bottom 
1785 of the tubular member 1775 against the outer surface of the support 

20 member 1705 or shoe 1720, In this manner, the mandrel 1710 moves in an 
axial direction upon the pressurization of the pressure chamber 1755. 

The lower portion 1765 of the mandrel 1710 pr^erably includes an 
mansion member 1770 for radially expanding the tubular member 1715 
during the pressindzation of the pressure chambOT 1755. In a preferred 

25 ^nbodiment^ the expansion member is expandable in the radial direction. In a 
preferred embodiment, the inner surface of the lower portion 1765 of the 
mandrel 1710 mates with and slides with respect to the outer surface of the 
shoe 1720. The outer diameter of the expansion member 1770 may range firom 
about 90 to 100 % of the inner diameter of the tubular casing 1620. In a 

30 preferred embodiment, the out^ diameter of the expansion member 1770 
ranges firom about 95 to 99 % of the inner diameter of the tubular casing 1620. 
The expansion member 1770 may be fabricate from any nun^iber of 
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conventional coxnmerdaify available materials sucti as, for example, machine 
tool steel, ceramics, tungsten carbide, titanitmi or other hi^ strength alloys. In 
a preferred embodiment, the expansion member 1770 is fabricated £rom D2 
machine tool steel in order to optimally provide high strength and abrasion 
5 resistance. 

The tubular member 1715 is coupled to and supported by the support 
member 1705 and slips 1725* The tubular member 1715 includes an upper 
portion 1790 and a lovrec portion 1795. 

The upper portion 1790 of the tubular member 1715 preferably includes 

10 an inner annular recess 1800 that extends from the upper portion 1790 of the 
tubular member 1715. In this manner, at least a portion of the upper portion 
1790 of the tubular memb^ 1715 includes a thin walled section 1805. The first 
compressible annular member 1745 is preferably coupled to and supported by 
the outer surface of the upper portion 1790 of the tubular member 1715 in 

15 opposing relation to the thin wall section 1805. 

The lower portion 1795 of the tubular member 1715 preferably includes 
an outer annular recess 1810 that extends &om the lower portion 1790 of the 
tubular member 1715. In this manner, at least a portion of the lower portion 
1795 of the tubular member 1715 includes a thin walled section 1815. The 

20 second compressible annular member 1750 is coupled to and at least partially 
supported within the outer annular recess 1810 of the upper portion 1790 of the 
tubular member 1715 in opposing relation to the thin wall section 1815. 

The tubidar member 1715 may be fabricated from any number of 
conventional commerciaQy available materials such as, for example, oilfield 

25 country tubular goods, stainless steel, low allqy steel, carbon steel, automotive 
grade steel, fiber^bss, 13 chrome steel, other hi^ strength material, or high 
strength plastics. In a preferred embodiment^ tiie tubular member 1715 is 
fabricated firom oilfield country tubular goods available firom various for^gn 
and domestic steel mills in order to optimally provide operational strength. 

30 The shoe 1720 is supported by and coupled to the support member 1705. 

The shoe 1720 preferably comprises a.substantially hollow tubular m^nba:. In 
a preferred embodiment^ the wall thickneas of the shoe 1720 is greater than the 
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wall thickness of the support member 1705 in order to optimally provide 
increased radial support to the mandrel 1710. The shoe 1720 may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfield coxmtry tubular goods, stainless steel, automotive grade steel, 

5 low alloy steel, carbon steel, or high strength plastics. In a preferred 
embodiment, the shoe 1720 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in oxdsr to optima% 
provide matching operational strengtii throu^out the apparatus. 

The sUps 1725 are coupled to and supported by the support member 

10 1705. The slips 1725 removably support the tubular memb^ 1715* In this 
manner, dining the radial expansion of the tubular member 1715, the slips 
1725 help to maintain the tubular member 1715 in a substantially stationary 
position by preventing upv^ard movement of the tubular member 1715. 

The slips 1725 may comprise any niunber of conventional commercially 

16 available slips such as, for example, RTTS packer tungsten carbide mechanical 
slips, RTTS packa wicker type medianical slips, or Model 3L retrievable bridge 
plug tungsten carbide upper mechanical slips. In a preferred embodiment^ the 
slips 1725 comprise RTTS packer tungsten carbide mechanical slips available 
from HaUibxui»n Energy Services. In a preferred embodim^t, the slips 1725 

20 are adapted to support axial forces ranging from about 0 to 750,000 Ibf. 

The fluid passage 1730 conveys fluidic materials from a surface location 
into the interior of the support membCT 1705, the presswe chamber 1755, and 
the region exterior of the apparatus 1700. The fluid passage 1730 is fludicly 
coupled to the pressure chamber 1755 by the fluid passages 1735. The fluid 

25 passage 1730 is fluididy coupled to the region exterior to the apparatus 1700 b 

the fluid passage 174D. 

In a preferred embodiment, the fluid passage 1730 is adapted to convq^ 
fluidic materials such as, for example, cement, epoxy, drilling muds, slag mix, 
water or drilling gasses. In a preferred embodiment, the fluid passage 1730 is 
30 adapted to convey fluidic materials at flow rate and pressures ranging from 
about 0 to 3,000 gallons/minute and 0 to 9,000 psL in order to optimally provide 
flow rates and operational pressures for the radial expansion processes. 
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The fluid passages 1735 convey fltiidic matesrial from tiie fluid passage 
1730 to the pressure chamber 1755. In a preferred embodiment, the fltiid 
passage 1735 is adapted to convey fluidic materials such as, for example, 
cement, epoxy, drilling muds, water or drilling gasses. In a preferred 
5 embodiment, the fluid passage 1735 is adapted to convey fluidic materials at 
flow rate and pressures ranging from about 0 to 500 gallons/minute and 0 to 
9,000 psi. in order to optimaUy provide operating pressures and flow rates for 
the various expansion processes. 

The fluid passage 1740 conveys fluidic materials from the fluid passage 

10 1730 to the region exterior to the apparatus 1700. In a preferred ^Enbodim^t, 
the fluid passage 1740 is adapted to convey fluidic materials such as, for 
example, cement, epoxy, drilling muds, water or drilling gasses. In a preferred 
embodiment, the fluid passage 1740 is adapted to convey fluidic materials at 
flow rate and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 

15 9,000 psi. in order to optimal^ provide operating pressures and flow rates for 
the various radial expansion processes. 

In a preferred embodiment, the fluid passage 1740 is adapted to receive a 
plug or other similar device for sealing the fluid passage 1740. In this manner, 
the pressure chamber 1755 may be pressurized. 

20 The first compressible annular body 1745 is coupled to and supported by 

an exterior siuface of the upper portion 1790 of the tubular member 1715. In a 
preferred embodiment, the first compressible annular body 1745 is positioned 
in opposing relation to the thin vralled section 1805 of the tubular mCTober 
1715. 

25 The first compreggible anmilflr linr^ 1 1dR halpg fn TniniwiigQ fha -raAiaX 

force required to expand the tubular mraiber 1715 in the overli^ with the 
tubular casing 1620, helps to create a fluidic seal in the overlap with the tubular 
casing 1620, and hdps to create an interference fit sufficient to permit the 
tubular member 1715 to be supported by the tubidar casing 1620. The first 
30 compressible annular bocfy 1745 may comprise any number of commercially 
available compressible materials such as, for example, epoxy, rubber, Teflon, 
plastics, or hollow lead tubes. In a preferred embodiment, the first 
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compressible «Tinii1ar body 1745 comprises StrataLock epo^ available from 
Halliburton Energy Services in order to optimally provide an hydraulic seal, 
and compressibility to minimize the radial expansion force. 

The wall iiiickness of the first compressible annidar body 1745 may 
5 range from about 0.05 to 0.75 inches. In a preferred embodiment, the wall 
thickness of the first compressible annular body 1745 ranges from about 0. 1 to 
0.5 inches in order to optimallty 0) provide a large compressible zone, (2) 
minimize the required radial expansion force, (3) transfer the radial force to the 
tubtdar caamgs. As a result, in a preferred embodiment^ overall the outer 

10 diameter of the tubular member 1715 is c^prozimatefy equal to the overaU 
inner diameter of the tubular member 1620. 

The second compressible annular body 1750 is coupled to and at least 
partially supported within the outer annular recess 1810 of the tubular member 
1715. In a preferred embodiment, the second compressible annular body 1750 

15 is positioned in opposing relation to the thin walled section 1815 of the tubular 
member 1715. 

The second compressible annular bod^ 1750 helps to minimize tiie radial 
force required to expand the tubular member 1715 in the overlap with another 
tubular member, helps to create a fluidic seal in the overlap of the tubular 

20 member 1715 with another tubular member, and helps to create an interference 
fit sufKcient to permit another tubtdar member to be supported by the tubular 
member 1715. The second compressible annular body 1750 may comprise any 
nuniber of commercially available compressible materials such as, for esample, 
epo^, rubber, Teflon, plastics or hollow lead tubing. In a preferred 

25 embodiment^ the first compressible annular body 1750 comprises StrataLodc 
epoay available firom Halliburton Energy Services in order to optimally provide 
an hydraulic seal in the overlapped joints and compressibilily that minimizes 
the radial expansion force. 

The wall thickness of the second compressible annular bo^ 1750 may 

30 range fix>m about 0.05 to 0.75 inch^. In a preferred embodiment, the wall 
^>i^plm <»ga of tiie second compressible annular boc^ 1750 ranges from about 0.1 
to 0.5 inches in order to optimally provide a large compressible zone, and 
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mininiize the radial force required to expand the tabular m^nber 1715 during 
subsequent radial expansion operations. 

In an alternative embodiment, the outside diameter of the second 
compressible annular bodjr 1750 is adapted to provide a seal against the 
5 sinxoimding formation thereby eliminating the need for an outer annular body 
of cement. 

The pressure chamber 1765 is ihidicl(7 coupled to the fluid passage 1730 
by the fiiud passages 1735. The pressure chamber 1755 is preferably adapted to 
receive fluidic materials such as, for example, drilling muds, watw or driUing 

10 gases. In a preferred embodiment^ the pressure chamber 1755 is adapted to 
receive fluidic materials at flow rate and pressures ranging from about 0 to 500 
gaUons/minute and 0 to 9,000 psi. in order to optimally provide expansion 
presstnre. In a preferred embodiment, dtuing pressurization of the pressture 
chamber 1755, the operating pressure of the pressing chambn ranges from 

15 about 0 to 5,000 psi in order to optin:ialiy provide expansion pressure while 
minimizing the possibility of a catastrophic failure due to over pressurization. 

As illustrated in Fig. 14d, the apparatus 1700 is preiersbly positioned in 
the wellbore 1600 with the tubular member 1715 positioned in an overlapping 
relationship with the tubular casing 1620. In a particularly preferred 

20 embodiment, the thm wall sections, 1640 and 1805, of the tubular casing 1620 
and tubular member 1725 are positioned in opposing ovCTkq>ping relation. In 
this manner, ihe radial expansion of the tubular member 1725 will compress 
the thin wall sections, 1640 and 1805, and annular compressible mewibera, 1645 
and 1745, into intimate contact 

25 After positioning of the apparatus 1700, a fliddic material 1825 is then 

pimiped into the fluid passage 1730. The fluidic material 1825 may comprise 
any number of conventional comm»cial](y available materials such as, for 
example, ^ter, drilling mud, drilling gases, cemmt or epoxy. In a preferred 
embodiment, the fluidic material 1825 comprises a hardenable fluidic sealing 

30 material such as, for example, cement in order to provide an outer annular body 
around the expanded tubular member 1715. 
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The fluidic material 1825 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates, for example^ ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 

The fluidic material 1825 pumped into the fluid passage 1730 passes 
5 through the fluid passage 1740 and outside of the apparatus 1700* The fluidic 
material 1825 fills the annular region 1830 between the outside of the 
apparatus 1700 and the interior walls of the wellbore 1600. 

As illustrated in Fig. 14e, a plug 1835 is tSim introduced into the fluid 
passage 1730. The plug 1835 lodges in the inlet to the fluid passage 1740 
10 fluidicly isolating and blocking off the fluid passage 1730. 

A fluidic material 1840 is then pimiped into the fltiid passage 1730. The 
fluidic material 1840 may comprise any nimib^ of conventional commercially 
available materials such as, for example, water, drilling mud or drilling gases. 
In a pr^erred embodiment^ the fluidic niaterial 1825 comprises a non- 
15 hardenable fluidic material such as, for example, drilling mud or drilling gases 
in order to optimally provide pressurization of the pressure chamber 1755. 

The fluidic material 1840 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates ranging, for example, from about 0 to 9,000 
psi and 0 to 500 gallons/minute. In a preferred embodiment, the fluidic 
20 material 1840 is pumped into the fluid passage 1730 at operating pressures and 
flow rates ranging from about 500 to 5,000 psi and 0 to 500 gallons/minute in 
order to optimally provide operating pressures and flow rates for radial 
^spansion. 

The fluidic material 1840 pumped into the fluid passage 1730 passes 
25 throu^ the fluid passages 1735 and into the pressure chamber 1755. 
Continued pmnping of the fluidic material 1840 pressurizes the pressture 
chan[iber 1755. The pressurization of the pressiu^ chamber 1755 causra the 
mandrel 1710 to move relative to the supiK)rt member 1705 in the dfrection 
indicated by the arrows 1845. In this maimer, the mandrel 1710 will cause ike 
30 tubular member 1715 to expand in the radial direction. 

During the radial expansion process, the tubular member 1715 is 
prevented from moving in an upward direction the slqis 1725. A length of 
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the tubular member 1715 is Uien expanded in the radial direction through the 
pressurization of the pressure chamber 1755. The length of the tubular 
member 1715 that is expanded during the expansion process will be 
proportional to the stroke length of the mandrel 1710. Upon the completion of 
5 a stroke, the operating pressure of the pressure diamber 1755 is then reduced 
and the mandrel 1710 drops to it rest position with the tubtilar member 1715 
supported by the mandrel 1715. The position of the support member 1705 may 
be adjusted throu^out the radial expansion process in order to maintain tiie 
overlapping relationship between the thin walled sections, 1640 and 1805, of 

10 the tubular casing 1620 and tubular member 1715. The stroking of the 

mandrel 1710 is then repeated, as necessary, until the thin walled section 1805 
of the tubular member 1715 is expanded into the thin walled section 1640 of the 
tubidar casing 1620. 

In a preferred embodiment, during, the final stroke of the mandrel 1710, 

15 the slips 1725 are positioned as close as possible to the thin walled section 1805 
of the tubular member 1715 in order minimize slippage between the tubular 
member 1715 and tubular casing 1620 at the end of the radial expansion 
process. Alternatively, or in addition, the outside diameter of the first 
compressive annular member 1745 is selected to ensure sufficient interference 

20 fit with the tubular casing 1620 to prevent axial displacement of the tubular 
member 1715 during the final stroke. Alternatively, or in addition, the outside 
diameter of the second compressive annular body 1750 is large enough to 
provide an interference fit with the inside walls of the wellbore 1600 at an 
earlier point in the radial expansion process so as to prevent further axial 

25 displacement ofthe tubular member 1715. In this &ial alternative, the 
interf«ence fit is preferably selected to permit expansion of the tubular 
member 1715 by pulling the mandrel 1710 out of the wellbore 1600, without 
having to pressmize the premnre chamber 1755. 

During the radial expansion proems, the pressmized areas of the 

30 apparatus 1700 are limited to the fluid passages 1730 within the support 
member 1705 and the pressure chamber 1755 within the mandrel 1710. No 
fluidpressureactsdiredlyon the tubular member 1715. This permits the use 
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of operating pressures hi^er than the tabular member 1715 could normally 
withstand. 

Once the tubular member 1716 has been completely expanded off of tie 
mandrel 1710, the support member 1706 and mandrel 1710 are removed from 
5 the wellbore 1600. In a preferred embodiment, the contact pressmre between 
the deformed thin wall sections, 1640 and 1806, and compressible annular 
members, 1645 and 1745, ranges from about 400 to 10,000 psi in order to 
optimally support the tabular member 1715 using the tabular casing 1620. 
In this manner, tiie tubular m^nber 1715 is radially expanded into 
10 contact with the tubular casing 1620 by pressurizing the interior of the fluid 
passage 1730 and the pressure chamber 1755. 

As illustrated in Fig. 14f, in a preferred embodiment, once the tubular 
member 1715 is complete^ expanded in the radial direction by the mandrel 
1710, the support member 1705 and mandrel 1710 are r^oved from the 
15 wellbarelOOO. In a prrferred embodiment, the annular body of hardaiable 
fluidic material is then allowed to cure to form a rigid outOT annular body 1850. 
In the case where the tubular member 1715 is slotted, the hardraiable fluidic 
material will preferably permeate and envelop the expanded tubular member 
1715. 

20 The resulting new section of wdlbore casing 1855 indudes the expanded 

tubular member 1715 and the rigid outer annular body 1850. The overlapping 
joint 1860 between the tubular casing 1620 and the expanded tubular member 
1715 include the deformed tibin wall sections, 1640 and 1805, and the 
compressible annular bodies, 1645 and 1745. The inner diameter of the 

25 resulting combined wdlbore casings is substantially constant. In this manner, 
a mono-diameter wellbore casing is formed. This process of expanding 
overlapping tubular members having thin wall &id portions with compressible 
aimular bodies into contact can be repeated for the entire length of a wellbore. 
In this manner, a mono-diameter wellbore casing can be provided for Aousands 

30 of feet in a subterranean formation. 

Referring now to Figures 15, 15a and 15b, an embodiment of an 
apparatus 1900 for expanding a tubular member vrill be described. The 
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apparatus 1900 preferably includes a drillpipe 1905, an innerstring adapter 
1910, a sealing sleeve 1915, an inner sealing mandrel 1920, an upper sealing 
head 1925, a lower sealing head 1930, an outer sealing mandrel 1935, a load 
mandrel 1940, an exptosion cone 1945, a mandrel launcher 1950, a mechanical 
5 slip bo^y 1955, mechanical slips 1960, drag blocks 1965, casing 1970, and fluid 
passages 1975, 1980, 1985, and 1990. 

The drillpipe 1905 is coupled to the innerstring adapter 1910. During 
operation of the apparatus 1900, the drillpii>e 1905 supports the e^paratus 
1900. The drillpipe 1905 preferablty comprises a substantially hollow tubular 

10 member or members. The drillpipe 1905 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
countiy tubular drillpipe, fiber^ass or coiled tubing. In a preferred 
embodiment, the drillpipe 1905 is fabricated firom coiled tubing in order to 
fadliate the placement of the ^paratus 1900 in non-vertical wellbores. The 

15 driUpipe 1905 may be coupled to the innerstring adi^ter 1910 using 

nimiber of conventional commercially available mechanical couplings such as, 
for example, drillpipe connectors, OCTG spedalty type box and pin connectors, 
a ratchet-latch type connector or a standard box by pin connector. In a 
preferred embodiment, the drillpipe 1905 is removably coupled to the 

20 innerstring adapter 1910 by a drillpipe connection. 

The drillpipe 1905 preferably indudes a fluid passage 1975 that is 
adapted to convey fluidic materials from a surface location into the flmd 
passage 1980. In a preferred embodiment, the flmd passage 1975 is adapted to 
convey fluidic materials such as, for exanqple, cement^ drilling mud, epoxy or 

25 lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gallonsAninute. 

The innerstring adapts 1910 is coupled to the drill string 1905 and the 
sealing sleeve 1915. The innerstring adapter 1910 preferabfy comprises a 
substantially hollow tubular member or members. The innerstring adapter 

30 1910 may be fabricated from any number of conventional commercially 
available materials such as, for example, ofl country tubular goods, low alloy 
steel, ciffbon steel, stainless steel or other h^ strength materials. In a 
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preferred embodunent^ the innerstring adapter 1910 is fabricated from oilfield 
country tubular goods in order to optimally provide mechanical properties that 
closely match those of the drill string 1905. 

The innerstring adapter 1910 may be coupled to the drill string 1905 
5 tising any munb^ of conventional commercially available mechanical couplings 
such as, for example, driUpipe connectors, oilfield cotmtry tubular goods 
spedaliy type threaded connectors, ratchet-latch type stab in connector, or a 
standard threaded connection. In a preferred embodiment, the innerstring 
adapter 1910 is removably coupled to the drill pipe 1905 by a drillpipe 

10 connection. The innerstring adapter 1910 may be coupled to the sealing sleeve 
1915 using any number of conventional commerdaUy available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubidar 
goods specialty type threaded connector, ratche1>-latch type stab in connectors, 
or a standard threaded connection. In a preferred embodiment, the innerstring 

15 adapter 1910 is removably coupled to the sealing sleeve 1915 by a standard 
threaded connection. 

The innCTString adapter 1910 preferably includes a fluid passage 1980 
that is adapted to convey fluidic materials from the fluid passage 1975 into the 
fluid passage 1985. In a preferred embodiment, the flmd passage 1980 is 

20 adapted to convey fluidic materials such as, for example, cement, drilling mud, 
epoxy, or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 1915 is coupled to the innerstring adapter 1910 and 
the inner sealing mandrel 1920. The sealing sleeve 1915 preferably comprises a 

25 sutetantaally hollow tubular member or members. The sealing sleeve 1915 may 
be fabricated firom any numb^ of conv^tional commercially available 
materials such as, for example, oilfield country tubidar goods, carbon steel, low 
alloy steel, stainless steel or other hi^ strength materials. In a preferred 
embodiment, the sealing sleeve 1915 is fabricated firom oilfield country tubular 

30 goods m order to optimal^ provide mechanical properties that substantially 
match the remaining components of the apparatus 1900. 
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The sealing sleeve 1915 may be coupled to the innerstring adapter 1910 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type stab in connection, or a 
5 standard threaded connection. In a preferred embodim^t^ the sealing sleeve 
1915 is removably coupled to the innerstring adapter 1910 by a standard 
threaded connection. The sealing sleeve 1915 may be coupled to the inner 
sealing mandrd 1920 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 

10 tubular goods specialty type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the sealing sleeve 1915 is removably 
coupled to the inner sealing mandrel 1920 by a standard threaded connection. 

The sealing sleeve 1915 preferably includes a fluid passage 1985 that is 
adapted to convey fluidic materials from the fluid passage 1980 into the fluid 

15 passage 1990. In a preferred embodiment^ the fluid passage 1985 is adapted to 
convey fluidic materials such as, for sample, cement, drilling mud, epoxy or 
lubricants at operating pressures and fLow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gaUons/minute. 

The inner sealing mandrel 1920 is coupled to the sealing sleeve 1915 and 

20 the lower sealing head 1930. The inner sealing mandrel 1920 preferably 
comprises a substantially hollow tubular m^nber or members. The inner 
sealing mandrel 1920 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield coimtry tubular 
goods, stainless steel, low alloy steel, carbon steel or other similar hi^ strength 

25 niaterials. In a preferred ^nbodiment, <be inner sealing mandrel 1920 is 
fabricated from stainless steel in order to optimally provide mechanical 
properties similar to the other components of the apparatus 1900 while also 
providing a smooth outer sxurface to support seals and other moving parts that 
can operate with minimftl wear, corrosion and pitting. 

30 The inner sealing mandrel 1920 may be coupled to the sealing sleeve 

1915 using any number of conventional commercial^ available mechanical 
couplings such as, for example, drillpipe connection, oilfield countay tubular 
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goods specialty type thieaded connectiony or a standard Uireaded connectioii . 
In a preferred embodiment^ the inner sealing mandrel 1920 is removably 
coupled to the sealing sleeve 1915 by a standard threaded coimections. The 
inner sealing mandrel 1920 may be coupled to the lower seating head 1930 
5 using any nim:iber of conventional commercially available medianical couplings 
such as, for example^ drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchei-latch tjype stab in connectors or 
standard threaded connections. In a prefmred embodiment^ the inner seating 
mandrel 1920 is removably coupled to the lower sealing head 1930 by a 

10 standard threaded connections connection. 

The inner sealing mandrel 1920 preferably includes a fluid passage 1990 
that is adapted to convey flxiidic materials from the fluid passage 1985 into the 
fluid passage 1995. In a preferred embodiment, the fluid passage 1990 is 
ad£q>ted to convey fluidic materials such as, for example, cement, drilling mud, 

15 epoxy or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to 3,000 ^ons/minute. 

The upper sealing head 1925 is coupled to the outer sealing mandrel 
1935 and the expansion cone 1945. The upper seating head 1925 is also 
movably coupled to the outer surface of the inner seating mandrel 1920 and the 

20 innersurface of the casing 1970, In this manner, the upper sealing head 1925, 
outer sealing mandrel 1935, and the expansion cone 1945 reciprocate in the 
axial direction. The radial clearance between the inner q^lindrical surface of 
the ufgper sealing head 1925 and the outer surface of the inner sealing mandrel 
1920 may range, for exanqde, firom about 0.025 to 0.05 indies. In a preferred 

25 embodiment^ the radial clearance between the inner c^indrical surfSeice of the 
upper sealing bead 1925 and the outer surface of the inner sealing mandrd 
1920 ranges from about 0.005 to 0.01 inches in order to optunaUy provide 
clearance for jiressure seal placement. The radial clearance between the outer 
(ytindrical surface of the upper sealing head 1925 and tiie inner surface of the 

30 casing 1970 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred raobodiment, the radial clearance between the outer cjdindrical 
surface of the upper sealing head 1925 and ihe inner surface of the casing 1970 
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ranges firom about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the escpansion cone 1945 as the ezpan^on cone 1945 is 
upwardly moved inside the casing 1970. 

The upper sealing head 1925 preferably comprises an annular member 
5 having substantiaUy cylindrical inner and outer stirfaces. The upper sealing 
head 1925 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, 
stainless steel, machine tool sted, or similar high strength matoials. In a 
prrferred embodiment, the upper sealing head 1925 is fabricated from stainless 

10 steel in ordCT to optimally provide hi^ strength and smooilx outer surfaces that 
are resistant to wear, galling, corrosion and pitting. 

The inner siuf ace of the upper sealing head 1925 preferably includes one 
or more annidar sealing members 2000 for sealing the interface between the 
upper sealing head 1925 and the inner sealing mandrel 1920. The sealing 

15 members 2000 laay comprise any nmnber of conventional commercially 

available annular seahng members such as, for example, o-rings, polypak seals 
or metal spring energized seals. In a preferred embodiment^ the sealing 
members 2000 comprise polypak seals available firom Parker Seals in ordw to 
optimally provide sealing for a long axial motion. 

20 In a preferred embodiment, the upper sealing head 1925 includes a 

shoulder 2005 for supporting the upper sealing head 1925 on ihe lower sealing 
head 1930* 

The upper sealing head 1925 may be coupled to the outer sealing 
mandrel 1935 using any nunber of conventional commerciaUy available 

25 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specially lype threaded connection, or a standard threaded 
connections. In a p r ef erred embodiment^ the upper sealing head 1925 is 
removably coupled to the outer sealizig mandrel 1935 by a standard threaded 
connections. In a preferred embodiment, the mechanical coupling between the 

30 upper sealing head 1925 and the outer sealing mandrel 1935 includes one or 
more sealing members 2010 for fiuidicfy sealing the interface betweCT. the 
upper sealing head 1925 and Hie outer sealing mandrel 1935. The sealing 
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members 2010 may comprise any number of conventional commercially 
available sealing members such as, for example, o*rings, polypak seals or metal 
spring energi2ed seals. In a preferred embodiment, the sealing members 2010 
comprise polypak seals available from Parker Seals in order to optimally 
5 provide sealing for a long axial stroking motion. 

The lower sealing head 1930 is coupled to the inner sealing mandrel 1920 
and the load mandrel 1940* The lower sealing head 1930 is also movably 
coupled to the inner surface of the outer sealing mandrel 1935* In this manner, 
the upper sealing head 1925 and outer sealing mandrel 1935 reciprocate in the 

10 axial direction. The radial clearance betwera the outer surface of the lower 
sealing head 1930 and the inner stuface of the outer sealing mandrel 1935 may 
range, for example, from about 0.025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the outer surface of the lower sealing 
head 1930 and the inner surface of the outer sealing mandrel 1935 ranges from 

15 about 0.005 to 0.010 inches in order to optimally provide a dose tolerance 
having room for the installation of pressure seal rings. 

The lower sealing head 1930 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The lower sealing 
head 1930 may be fabricated &om any nimtiber of conventional commercially 

20 available materials sudi as, for example, oilfield country tubular goods, 

stainless steel, machine tool steel or other similar hi^ strength materials. In a 
preferred embodiment, the lower sealing head 1930 is fabricated from stainless 
steel in order to optimal^ provide hi^ strength and resistance to wear, galling, 
corrosion, and pitting. 

25 The outer surface of the lower sealing head 1930 preferably indudes one 

or more annular sealing members 2015 for sealing the interface between the 
lower sealing head 1930 and the outer sealing mandrel 1935. The sealing 
members 2015 may comprise any numb« of conventional commercial^ 
available flnnnlar sealing members such as, for example, o-rings, pol3^pak seals, 

30 or metal spring energized seals. In a preferred embodiment, the sealing 
members 2015 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 
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The lower sealing head 1930 may be coupled to the inner sealing mandrel 
1920 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding or a 
5 standard threaded connection. In a preferred embodiment, the lower sealing 
head 1930 is removably coupled to the inner sealing mandrel 1920 by a 
standard threaded connection. 

In a iireferred embodiment^ the mechanical coupling between the lower 
sealing head 1930 and the inner sealing mandrel 1920 indudra one or more 

10 sealing members 2020 for fluididy sealing the interface between the lower 
sealing head 1930 and the inn^ sealing mandrel 1920* The sealing members 
2020 may comprise any niunber of conventional commercially available sealing 
members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 2020 comprise pol3^ak 

15 seals available from Parker Seals in order to optimal^ provide sealing for a long 
axial motion. 

The lower sealing head 1930 may be coupled to the load mandrel 1940 
using any number of conventional commerdally available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 

20 spedalty type threaded connections, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the low^ sealing head 1930 
is removably coupled to the load mandrel 1940 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 1930 and the load mandrel 1940 indudes one or more 

25 sealing members 2025 for fluidici^ sealing the interface between the lower 
sealing head 1930 and the load mandrel 1940. The sealing members 2025 may 
comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals, or metal spring energized seals. In 
a preferred embodiment, the sealing members 2025 comprise polypak seals 

30 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 
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In a preferred embodiinent, the lower sealing head 1980 includes a throat 
passage 2040 iluididbr coupled between the fluid passages 1990 and 1995. The 
throat passage 2040 is preferably of reduced size and is adapted to receive and 
engage with a plug 2045, or other similar device. In this mann er, the fluid 
5 passage 1990 is fluidicly isolated from the fluid passage 1995. In this manner, 
the pressure diamber 2030 is pressurized. 

The outer sealing mandrel 1935 is coupled to the upper sealing head 
1925 and the expansion cone 1945. The outer sealing mandrel 1935 is also 
movably coupled to the inner surface of the casing 1970 and the outer sux£ace of 

10 the lower sealing head 1930. In this manner, the uppo: sealing head 1925, 
outer sealing mandrel 1936, and the expansion cone 1945 redprocale in the 
axial direction. The radial dearance between the outer surface of the outer 
sealmg mandrel 1935 and the inner surface of the casing 1970 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 

15 radial clearance between ihe outer surface of the outer sealing mandrel 1935 
and the mner surface of the casing 1970 rai^ from about 0.025 to 0.125 
inches in order to optimal^ provide mmritnum piston surface area to maximize 
the radial expansion force. The radial d^ance between the inner surface of 
the outer seahng mandrd 1935 and the outer surface of the lower sealing head 

20 1930 may range, for example, from about 0.025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the inner surface of the outer seahng 
mandrel 1935 and the outer surface of the lower sealing head 1930 ranges from 
about 0.005 to 0.010 inches in order to optimally provide a minimum gap for the 
sealing elements to bridge and seaL 

25 The outer sealing mandrel 1935 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The outer 
sealing mandrel 1936 mi^ be fabricated from any number of conventional 
commerdaUy available materials such as, for examfde, low aUoy sted, carbon 
steel, 13 diromimn steel or stainless steel. In a prrferred embodiment, the 

30 outer sealing mandrel 1936 is fabricated from stainless steel in order to 

optimaUy provide fr%*^^mnm strength and minimum wall thickness while also 
providing resistance to corrosion, galling and pitting. 
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The outer sealing mandrel 1935 may be coupled to the upper sealing 
head 1925 using any nimab^ of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, standard threaded connections, or 
5 welding. In a preferred embodiment, the outer sealing mandrel 1935 is 
removably coupled to the upper sealing head 1925 by a standard threaded 
connections connection. The outer sealing mandrel 1935 may be coupled to the 
expansion cone 1945 using any number of conventional conmierdally available 
m^^hanical couplings such as, for example, drillpipe connection, oilfield country 

10 tubular goods spedaliy type threaded coimection, or a standard threaded 
connections coimection, or welding. In a prrferred embodiment^ the outer 
sealing mandrel 1935 is removably coupled to the expansion cone 1945 by a 
standard threaded connections coimection. 

The upper sealing head 1925, the lower sealing head 1930, the inner 

15 sealing mandrel 1920, and the outer sealing mandrel 1935 together define a 
pressure chaniber 2030. The pressinre chamber 2030 is fluididy coupled to the 
passage 1990 via one or more passages 2035. During operation of the apparatus 
1900, the plug 2045 engages with the throat passage 2040 to fluididy isolate the 
fluid passage 1990 firom the fluid passage 1995. The pressure chamber 2030 is 

20 then pressiirized which in turn causes the upper sealing head 1925, outer 
sealing mandrel 1935, and expansion cone 1945 to redprocate in the axial 
direction. The axial motion of the expansion cone 1945 in turn expands the 
casing 1970 in the radial direction. 

The load mandrel 1940 is coupled to the lower sealing head 1930 and the 

25 mfioh««ni'^^ slip bo4y 1955. The load mandrel 1940 preferably comprises an 
annular member having substantial^ qylindrical inner and outer surfaces. The 
load mandrel 1940 may be fabricated firom any number of conventional 
commercially available matmals sudi as, for example, oilfield country tubular 
goods, low aUoy steel, carbon steel, stainless steel or other similar hi^ strength 

30 materials. In a preferred embodimmt, the load mandrel 1940 is fabricated firom 
oilfield country tubular goods in order to optimally provide high strength. 
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The load mandrel 1940 may be coupled to the Um&t sealing head 1930 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection^ oilfield countiy tubular goods 
specialty type threaded connection^ weldings amorphous bonding or a standard 
5 threaded connection. In a preferred embodiment^ the load mandrel 1940 is 
removably coupled to the lower sealing head 1930 by a standard threaded 
connection. The load mandrel 1940 may be coupled to the mechanical slip body 
1955 using any number of conventional commercial^ available mechanical 
couplings such as, for example, a drillpipe connection, oilfield coimtry tubular 

10 goods specialty type threaded connections, welding, amorphous bonding, or a 
standard threaded connections connection. In a preferred embodiment^ the 
load mandrel 1940 is removably coupled to the mechanical slip bo(fy 1955 by a 
standard threaded connections connection. 

The load mandrel 1940 preferably includes a fluid passage 1995 that is 

15 adapted to convey fluidic materials firom the fluid passage 1990 to the region 
outside of the apparatus 1900. In a preferred embodiment, the fluid passage 
1995 is adapted to convey fltiidic materials such as, for example, cement, eposy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

20 The expansion cone 1945 is coupled to the outer sealing mandrel 1935. 

The expansion cone 1945 is also movably coupled to the inner surface of the 
casing 1970. In this maimer, the upper sealing head 1925, outer sealing 
mandrel 1935, and the expansion cone 1945 reciprocate in the axial direction. 
The reciprocation of the expansion cone 1945 causes the casing 1970 to expand 

25 in the radial direction. 

The expansion cone 1945 preferably comprises an aimular member 
having substantial^ cylindrical inna and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, firom about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 

30 surface ranges firom about 3 to 28 inches in order to optimally provide cone 
dimensions for the typical range of tubular members. 
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The axial length of the eoqpazision cone 1945 may range, for example, 
from about 2 to 8 times the largest outer diameter of the expansion cone 1945. 
In a preferred embodiment^ the axial length of the expansion cone 1945 ranges 
from about 3 to 5 times the largest outer diameter of the expansion cone 1945 
5 in order to optimally provide stabihly and centralization of the expansion cone 
1945 during the expansion process. In a preferred embodin^ent, the angle of 
attack of the expansion cone 1945 ranges from about 5 to 30 d^rees in order to 
optimally balance friction forces with the desired amount of radial expansion. 
The expansion cone 1945 angle of attack will vary as a fimction of the operating 

10 parameters of the particular expansion operation. 

The expansion cone 1945 may be fabricated frt)m any number of 
conventional conunerdally available materials such as, for example, machine 
tool steel, ceramics, tungsten carbide, nitride steel, or oUxer similar high 
strength materials. In a preferred embodiment, the expansion cone 1945 is 

15 fabricated from D2 machine tool steel in order to optimally provide high 
strength and resistance to corrosion, wear, galling, and pitting. In a 
particularly prrferred embodiment, the outside surface of the expansion cone 
1945 has a surface hardness ranging from about 58 to 62 Rockwell C in order to 
optimally provide hi^ strength and resist wear and galling. 

20 The expansion cone 1945 may be coupled to tiie outside sealing mandrel 

1935 using any number of conventional commercially available mechanical 
couplings such as, for exajxq)le, drillpipe connection, oilfield tubular comitry 
goods specialty type threaded connection, welding, amorphous bonding, or a 
standard treaded connections connection. In a pref^red embodiment, the 

25 expansion cone 1945 is coupled to tlie outside sealing mandrel 1935 using a 
standard threaded connections connection in order to optimally provide 
connector strength for the typical operating loading conditions while also 
permitting easy replacement of the expansion cone 1945. 

The mandrel launcher 1950 is coupled to the casing 1970. The mandrel 

30 laimcher 1950 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 1970. In a preferred embodiment, the wall 
thiVlmaag of the mandrel launcher is about 50 to 100 % of the wall thickness of 
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the casing 1970. In this maimer, the imtiation of the radial e3q>a^ 
casing 1970 is facilitated, and the insertion of the larger outside diameter 
mandrel lamicher 1950 into the wellbore and/or casing is facilitated. 

The mandrel launcher 1950 may be coupled to the casing 1970 using any 
5 niunber of conventional mechanical couplings. The mandrel laimcher 1950 may 
have a wall thickness ranging, for example, from about 0.15 to 1.5 inches. In a 
preferred embodiment, the wall thickness of the mandrel launcher 1950 ranges 
from about 0.25 to 0*75 inches in order to optimally provide hi^ strength with 
a small overall profile. The mandrel launcher 1950 may be fabricated from any 

10 number of conventional commercially available materials such as, for example, 
oil field tubular goods, low alloy steel, carbon sted, stainless steel or other 
similar high strength materials. In a preferred embodiment, the mandrel 
launcher 1950 is fabricated from oil field tubiilar goods of hi^er strength but 
lower wall thickness than the casing 1970 in order to optimally provide a thin 

15 walled container with approximately the same burst strength as the casing 
1970. 

Hie mechanical slip body 1955 is coupled to the load mandrel 1970, the 
mechanical slips 1960, and the drag blocks 1965. The mechanical slip body 
1955 preferably comprises a tubular member having an inner passage 2050 

20 fltndicly coupled to the passage 1995. In this manner, fliiidic materials may be 
conveyed from the passage 2050 to a region outside of the apparatus 1900. 

The medianical slip body 1955 may be coupled to the load mandrel 1940 
using any nimiber of conventional mechanical couplings. In a preferred 
embodiment^ the mechanical slip body 1955 is removably coupled to the load 

25 mandrel 1940 using a standard threaded connection in order to optimaUy 
provide hi|^ straigth and permit the mechanical slip body 1955 to be easily 
replaced. The mechanical slip body 1955 may be coupled to the mechanical 
slips 1955 using any number of conventional mechanical couplings. In a 
preferred embodiment, the mechanical slip body 1955 is removably coupled to 

30 the mechanical slips 1955 using threads and sliding steel retainer rings in order 
to optimal^ provide high strength coupling and also permit easy replacement of 
the mechanical slips 1955. The mechanical slip boi|y 1955 may be coupled to 
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the drag blodcs 1965 using any number of conventional mechanical couplings. 
In a prefored embodimrat, the mechanical slip boc^y 1955 is removably coupled 
to the drag blocks 1965 using threaded connections and sliding steel retainer 
rings in order to optimally provide high strength and also permit easy 
5 replacement of the drag blocks 1965. 

The mechanical slips 1960 are coupled to the outside stirface of the 
m^hflni^^ slip hody 1955. During operation of the apparatus 1900, the 
mechanical slips 1960 prevent upward movement of the casing 1970 and 
mandrel launcher 1950. In this manner, during the axial reciprocation of the 

10 expansion cone 1945, the casing 1970 and mandrel launcher 1950 are 

maintained in a substantially stationary position. In this manner, the mandrel 
latmdier 1950 and casing 1970 are expanded in the radial direction by the asial 
movement of the expansion cone 1945. 

The mechanical slips 1960 may comprise any number of conventional 

15 commercially available mechanical slips such as, for example, RTTS packer 
tungsten carbide medianical slips, RTTS packer wicker t^pe mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment, tiie mechanical slips 1960 comprise RTTS packer 
tungsten carbide mechanical slips available from Halliburton Energy Services 

20 in order to optimally provide resistan(» to axial mov^ent of the casing 1970 
during the expansion process. 

The drag blocks 1965 are coupled to the outside surface of tiie 
mechanical slip body 1955. During operation of the apparatus 1900, the drag 
blocks 1965 prevent upward mov^ent of the casing 1970 and mandrel 

25 launchCTl950. In this manner, during the axial reciprocation of the expansion 
cone 1945, the casing 1970 and mandrd launcher 1950 are maintained in a 
substantially stationary position. In tJus manner, the mandrel launcher 1950 
and casing 1970 are expanded in the radial direction by the axial movemmt of 
the expansion cone 1945. 

30 The drag blocks 1965 may comprise any number of conventional 

commercially available mechanical aU|» such as, for example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wicker type mechanical sUps or 
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Model 3L retrievable bridge plug tungsten carbide upper mechajiical slips. In a 
preferred embodiment^ the drag blocks 1965 comprise RTTS packer tungsten 
carbide mechanical slips available from Halliburton Energy Services in order to 
optimally provide resistance to axial movement of the casing 1970 during the 
5 expansion process. 

The casing 1970 is coupled to the mandrel launcher 1950. The casing 
1970 is further removably coupled to the mechanical sUps 1960 and drag blocks 
1965. The casing 1970 preferably comprises a tubular member. The casing 
1970 may be fabricated from any number of conventional conunerdally 

10 available materials such as, for example, slotted tubidars, oil field country 
tubular goods, low alloy steel, carbon steel, stainless steel or otiber similar high 
strength mat^ials. In a preferred embodiment, the casing 1970 is fabricated 
from oilfieid country tubular goods available from various foreign and domestic 
steel mills in order to optimally provide high strength. In a preferred 

15 embodiment, the upper end of the casing 1970 includes one or more sealing 
members positioned about the exterior of the casing 1970. 

During o])eration, the apparatus 1900 is positioned in a wellbore Mdth the 
upper ^d of the casing 1970 positioned in an overlapping relationship within 
an existing wellbore casing* In orda noinimize surge pressures within the 

20 borehole during placement of the apparatus 1900, the fluid passage 1975 is 
preferably provided with one or more pressure relief passages. During the 
placement of the apparatus 1900 in the wellbore, the casing 1970 is supported 
by the expansion cone 1945. 

After positioning of the apparatus 1900 within the bore hole in an 

25 overlapping relationship with an existing section of wellbore casing, a first 
fluidic material is pumped into the fluid passage 1975 from a surface location. 
The first fluidic material is conveyed from the fluid passage 1975 to the fluid 
passages 1980, 1985, 1990, 1995, and 2050. The first fluidic material will then 
exit the apparatus and fill the annular region between the outside of the 

30 apparatus 1900 and the interior walls of the bore hole. 

The first fluidic material may comprise any number of conventional 
commerciaiSiy available materials such as, for example, drilling mud, water, 
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epoxy or cement. In a preferred embodiment, the first fliddic material 
comprises a hardenable fluidic sealing material such as, for example, cement or 
epoxy. In this manner, a wellbore casing having an outer annular layer of a 
hardenable material may be formed. 
5 The first fluidic material may be pumped into the q>paratus 1900 at 
operating pressures and flow rates ranging, for example^ from about 0 to 4,500 
psi, and 0 to 8,000 gallons/minute. In a preferred embodiment, tiie first fluidic 
material is ptunped into the apparatus 1900 at operating pressures and flow 
rates ranging firom about 0 to 4,500 psi and 0 to 3,000 gallons/minute in order 
10 to optimally provide operating pressures and flow rates for typical operating 
conditions. 

At a predetermined point in the injection of the first fluidic material such 
as, for example, after the annular region outside of the apparatus 1900 has been 
filled to a predetermined level, a plug 2045, dart, or otiier similar device is 
15 introduced into the first fliudic material. The plug 2045 lodges in the throat 
passage 2040 thereby fluididy isolating the fluid passage 1990 firom the fluid 
passage 1995. 

Afl;er placement of the plug 2045 in the throat passage 2040, a second 
fluidic material is pumped into the fluid passage 1975 in order to pressurize the 

20 pressure chamber 2030. The second fluidic material may comprise any number 
of conventional commercially available materials such as, for example, water, 
drilling gases, drilling mud or lubricant. In a preferred embodiment^ the second 
fluidic material comprises a non-hardenable fluidic material such as, for 
example, water, drilling mud or lubricant in order minimize friddonal forces. 

25 The second fliddic material m^y be ptunped into the apparatus 1900 at 
operating pressures and flow rates ranging, for example, fnia about 0 to 4,500 
psi and 0 to 4,500 gaUonsAninute. In a preferred embodiment^ the second 
fluidic material is pumped into tiie apparatus 1900 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi, and 0 to 1,200 gallons/minute in 

30 order to optimally provide expansion of the casing 1970. 

The pressurizatiion of the pressure chamber 2030 causes the upper 
sealing head 1925, outer sealing mandrd 1935, and expansion cone 1945 to 
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move in an axial direction. As the ezpanaion cone 1945 moves in title axial 
direction, the expansion cone 1945 pulls the mandrel launcher 1950 and drag 
blocks 1965 along, which sets the mechanical sUps 1960 and stops further axial 
movement of the mandrel launcher 1950 and casing 1970. In this manner, the 
5 axial movement of the expansion cone 1945 radially ejcpands the mandrel 
lavmcher 1950 and casing 1970. 

Once the upper sealing head 1925, outer sealing mandrel 1985, and 
expansion cone 1945 complete an axial stroke, the operating pressure of the 
second fluidic material is reduced and the drill string 1905 is raised. This 
10 causes the inner sealing mandrel 1920, lower sealing head 1930, load mandrel 
1940, and mechanical slip body 1955 to move upward. This unsets the 
mechanical slips 1960 and perxnits the mechanical slips 1960 and drag blocks 
1965 to be moved upward within the mandrel launcher and casing 1970. When 
the lower sealing head 1930 contacts the upper sealing head 1925, the second 
15 fluidic material is again pressurized and tiie radial expansion process continues. 
In this manner, the mandrel launcher 1950 and casmg 1970 are radial expanded 
through repeated axial strokes of the upper sealing head 1925, outer sealing 
mandrel 1935 and expansion cone 1945. Throughput the radial expansion 
process, the upper end of the casing 1970 is preferably maintained in an 
20 overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 
1970 is expanded into intimate contact with the mside aurface of the lower end 
of the existing wellbore casing. In a preferred embodiment, tiie sealing 
members provided at the upper end of the casing 1970 provide a fhiidic seal 
25 between the outdde surface of the upper end of the casing 1970 and the inside 
surface of the lower end of the existing wellbore casing. In a preferred 
embodiment, the contact pressure between the casing 1970 and the existing 
section of wellbore casing ranges from about 400 to 10,000 psi in order to 
optimally provide contact pressure for activating sealing members, provide 
30 optimal resistance to axial movement of the expanded casing 1970, and 
optimal^ support typical tensQe and conqaressive loads. 
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In a preferred embodiment, as the e3q)ansion cone 1945 nears the end of 
the casing 1970, the operating flow rate of the second fliiidic niuterial is reduced 
in order to minimize shock to the apparatus 1900. In an alternative 
embodiment, the apparatus 1900 includes a shock absorber for absorbing the 
5 shock created by the completion of the radial expansion of the casing 1970« 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 1945 
nears the end of the casing 1970 in order to optimal]^ provide reduced axial 
movement and velodly of the expansion cone 1945. In a preferred embodiment, 

10 the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 1900 to the range of about 0 to 500 psi in order 
minimize the r^istance to the movement of the expansion cone 1945. In a 
preferred embodiment, the stroke length of the apparatus 1900 ranges from 
about 10 to 45 feet in order to optimally provide equipment lengths that can be 

15 handled by typical oil well rigging equipment while also minimizing the 

frequency at which the expansion cone 1945 must be stopped so the ^paratus 
1900 can be re-stroked for further pension operations* 

In an altCTiative embodiment, at least a portion of the upper sealing 
head 1925 includes an expansion cone for radially expanding the mandrel 

20 launcher 1950 and casing 1970 during operation of the apparatus 1900 in order 
to increase the surface area of the casing 1970 acted upon during the radial 
expansion process. In this manner, the operating presstires can be reduced. 

In an alternative embodiment, mechanical slips are positioned in an axial 
location between the sealing sleeve 1915 and the inner sealing mandrel 1920 in 

25 order to simplify the operation and assembly of the apparatus 1900. 

Upon the complete radial expansion of the casing 1970, if applicable, the 
first fluidic material is permitted to cure within the annular region between tiie 
outside of the expanded casing 1970 and the interior walls of the wellbore. In 
the case where the expanded casing 1970 is slotted, the cured fluidic mataial 

30 will preferably pmneate and envelop the expanded casing. In this manner, a 
new section of wellbore casing is formed witiiin a wdlbore. Altonatively, the 
apparatus 1900 may be used to join a first section of pipeline to an existing 
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section of pipeline. Altemaliyely, the apparatus 1900 may be used to directly 
line the interior of a wellbore with a casing, without the use of an outer annular 
layer of a hardenable material. Alternatively, the apparatus 1900 may be used 
to expand a tubular support member in a hole. 
5 During the radial expansion process, the pressurized areas of the 

apparatus 1900 are hmited to the fltiid passages 1975, 1980, 1985, and 1990, 
and the pressiure chamber 2030. No fluid pressure acts directly on the mandrel 
launcher 1950 and casing 1970. This permits the use of operating pressures 
hi^er than the mandrel launcher 1950 and casing 1970 could normally 
10 withstand. 

Refi^rring now to Figure 16, a preferred embodiment of an apparatus 
2100 for forming a mono-diameter wellbore casing will be described. The 
apparatus 2100 preferably includes a drillpipe 2105, an iimerstring adapter 
2110, a sealing sleeve 2115, an inner sealing mandrel 2120, sHps 2125, upper 

15 sealing head 2130, lower sealing head 2135, outer sealing mandrel 2140, load 
noAudrel 2145, expansion cone 2150, and casing 2155. 

The drillpipe 2105 is coupled to the innerstring adapter 2110. During 
operation of the apparatus 2100, the drillpipe 2105 supports the apparatus 
2100. The drillpipe 2105 preferably comprises a substantially hollow tubular 

20 member or members. The drillpipe 2105 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
coimtry tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength material. In a preferred embodiment, the driUpipe 2105 is 
fabricated from coiled tubing in order to fadhate the placement of the 

25 apparatus 1900 in non-vertical wellbores. The drillpipe 2105 may be coupled to 
the innerstring adapter 2110 using any niunber of conventional commardally 
available mechanical couplings such as, for ^cample, drillpipe connection, 
oilfield country tubular goods specialty type threaded coxmection, ratchet-latch 
type connection, or a standard threaded connection. In a preferred 

30 embodiment, the drillpipe 2105 is removably coupled to the innerstring adapter 
2110 by a drill pipe connection. 
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The drillpipe 2105 prrferably indudes a fluid passage 2160 that is 
firfftpt^ to convey fluidic materials firom a surface location into the fluid 
passage 2165. In a preferred embodiment, the fluid passage 2160 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
5 mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

The innCTstring adapter 2110 is coupled to the drill string 2105 and the 
sealing sleeve 2115. The innerstring ade^ter 2110 preferably comprises a 
substantial^ hollow tubular member or members. The innerstring adapter 

10 2110 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the innerstring adapter 2110 is fabricated from 
stainless steel in order to optimally provide high strength, low friction, and 

15 resistance to corrosion and wear. 

The mnCTstring adapter 2110 may be coupled to the drill string 2105 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield coimtry tubular goods 
specialty type threaded connection, ratchet-latch lype connection or a standard 

20 threaded connection. In a pref^ed embodiment, the innerstring adapter 2110 
is removably coupled to the drill pipe 2105 by a drillpipe connection. The 
innerstring adapter 2110 may be coupled to the sealing sleeve 2115 using any 
number of conventional commercially available mechanical couplings such as, 
for example, drillpipe connection, oilfield country tubular goods specialty lype 

25 threaded connection, ratchet^latch type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the innerstring adsqpter 2110 
is removab^ coupled to the sealing sleeve 2115 by a standard threaded 
connection. 

The inn^tring adapter 2110 preferably includes a fluid passage 2165 
30 that is adapted to convey fluidic materials from the fluid passage 2160 into the 
fluid passage 2170. In a preferred ^nbodiment, the fluid passage 2165 is 
i^HflpfpH to convey fluidic materials such as, for example, cement, epaxy^ water 
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drilliag muds, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gaDons/minute. 

The sealing sleeve 2115 is coupled to the innerstring adapter 2110 and 
the inner sealing mandrel 2120. The sealing sleeve 2115 prefa-ably comprises a 
5 substantially hollow tubular member or members. The sealing sleeve 2115 may 
be fabricated from any number of conventional commercially available 
materials such as, for example, oil field tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar hi^ strength materials. In a preferred 
embodiment, the sealing sleeve 2115 is fabricated from stainless steel in order 

10 to optimally provide high strength, low friction surfaces, and resistance to 
corrosion, wear, galling, and pitting. 

The sealing sleeve 2115 may be coupled to the innerstring ad£^ter 2110 
using any number of conventional commercially available mechanical couplings 
such as, for example, a standard threaded connection, oilfield country tubular 

15 goods specially type threaded connections, vtrelding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the seating sleeve 
2115 is removably coupled to the innerstring adapter 2110 by a standard 
threaded connection. The sealing sleeve 2115 may be coupled to the inner 
sealing mandrel 2120 using any number of conventional commercially available 

20 mechanical couplings such as, for example, a standard threaded connection, 
oilfield country tubular goods specially lype threaded connections, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment) the sealing sleeve 2115 is removably coupled to the inner sealing 
mandrel 2120 by a standard threaded connection. 

25 The sealing sleeve 2115 prefirarabfy includes a fluid passage 2170 Hiat is 

adapted to convey fluidic materials from the fluid passage 2165 into the fluid 
passage 2175. In a preferred embodiment, the fluid passage 2170 ia adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
mud, or lubricants at operating pressures and flow rates ranging from about 0 

30 to 9,000 psi and 0 to 3,000 gallonsyminute. 

The inner sealing mandrel 2120 is coupled to tiie sealing sleeve 2115, 
slips 2125, and the lower sealing head 2135. The inner sealing mandrd 2120 
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preferably comprises a sStibstantially hdllow tubulaf memb^ or members. The 
inner sealing mandrel 2120 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield coimtry tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
5 materials. In a prefraredenibodiment^ the inner sealing mandrel 2120 is 
fabricated from stainless steel in ord» to optimally provide high strength, low 
friction surfaces, and corrosion and wear redstance* 

The inner sealing mandrel 2120 may be coupled to the sealing sleeve 
2115 using any number of conventional commercially available mechanical 

10 couplings sudi as, for example, drillpipe connection, oilfield coimtry tubular 
goods specialty type threaded connection, or a standard threaded connection. 
In a preferred embodiment, the inner sealing mandrel 2120 is removably 
coupled to the sealing sleeve 2115 by a standard tiireaded connection. The 
standard threaded connection provides high strength and permits easy 

15 rq>lacement of components. Theinner sealing mandrel 2120 may be coupled to 
the slips 2125 using any number of conventional commercially available 
mechanical couplings such as, for example, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the inner sealing 
mandrel 2120 is removably coupled to the slips 2125 by a standard threaded 

20 connection. The inner sealing mandrel 2120 may be coupled to the lower 
sealing head 2135 using any number of conventional conmierdally available 
mechanical couplings such as, for example, drillpipe connection, oilfield cotmtry 
tubular goods specialty lype threaded connection, welding, amorphous bonding 
or a standard threaded connection. In a preferred embodiment^ the inner 

25 sealing mandrel 2120 is removab^ coupled to the lower sealing head 2135 by a 
standard threaded connection. 

The inner sealing mandrel 2120 preferably include a fluid passage 2175 
that is adapted to convey fluidic materials firom the fluid passage 2170 into the 
fluid passage 2180. In a preferred embodiment, the fluid passage 2175 is 

30 adapted to convey fluidic materials sudi as, for example, cement, epozy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
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The slips 2125 are coupled to the outer surface of the inner sealing 
mandrel 2120. During operation of the apparatus 2100, the slips 2125 
preferably m^^int^iT^ the casing 2155 in a substantially stationary position 
during the radial expansion of the casing 2155. In a preferred ^nbodiment, the 
5 slips 2125 are activated using the fluid passages 2185 to conv^ pressurized 
fluid material into the slips 2125. 

The slips 2125 may comprise any number of commercially available 
hydraulic slips such as, for example, RTTS packer tungsten carbide hydraulic 
sUps or Model 3L retrievable bridge plug hydraulic slips. In a preferred 

10 embodiment, the sUps 2125 comprise RTTS packer tungsten carbide hydraulic 
slips available from Halliburton Energy Services in order to optimally provide 
resistance to axial movement of the casing 2155 during the expansion process. 
In a particularly preferred embodiment, the slips include a fluid passage 2190, 
pressure chamber 2195, spring return 2200, and slip member 2205. 

15 The slips 2125 may be coupled to the inner sealing mandrel 2120 using 

any number of conventional mechanical couplings. In a preferred embodiment, 
the slips 2125 are removably coupled to the outer surface of the inner sealing 
mandrel 2120 by a thread connection in order to optimally provide 
interchangeabihty of parts. 

20 The upper sealing head 2130 is coupled to the outer sealing mandrel 

2140 and expansion cone 2150. The upper sealing head 2130 is also movably 
coupled to the outer surface of the inner sealing mandrel 2120 and the inner 
surface of the casing 2155. In this manner, the upper sealing head 2130 
reciprocates in the axial direction. The radial clearance between the inner 

25 cylindrical surface ofthe upper sealing head 2130 and the outer sinr^^ 

inner sealing mandrel 2120 naay range, for example, ftt)m about 0.025 to 0.06 
inches. In a preferred embodiment, the radial clearance between the inner 
cylindrical surface of the upper sealing head 2130 and the outer surface of the 
inner sealing mandrel 2120 rangra from about 0.005 to 0.010 inches in order to 

30 optimal^ provide a pressure seaL The radial clearance between the outw 
cylindrical surface of the upper sealing head 2130 and the inner surface of the 
casing 2155 may range, for example, from about 0.025 to 0.375 inches. In a 
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preferred embodimeixt^ the radial clearance betweeii the outer cylindrical 
surface of the upper sealing head 2130 and the inner surface of the casing 2155 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the mansion cone 2130 during axial movement of the 
5 expansion cone 2130. 

The upper sealing head 2130 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The upper sealing 
head 2130 may be fabricated from any number of conventional commercially 
available materials such as, for example, low alloy steel, carbon sted, stainless 
10 steel or other similar hi^ strength materials. In a preferred embodiment, the 
upper sealing head 2130 is fabricated fi^m stainless steel in order to optimally 
provide hi^ strength, corrosion resistance, and low friction surfaces. The 
inner sinface of the upper sealing head 2130 preferably includes one or more 
annular sealing members 2210 for sealing the interface between the upper 
15 sealing head 2130 and the inner sealing mandrel 2120. The sealing members 
2210 may comprise any number of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals, or metal spring 
energized seals. In a preferred embodiment, the sealing members 2210 
comprise polypak seals available frx>m Parker Seals in order to optimally 
20 provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2130 includes a 
shoulder 2215 for supporting the upper sealing head 2130 on the lower sealing 
head 2135. 

The upper sealing head 2180 may be coupled to the outer sealing 
25 mandrel2140usinganynumb€9rof conventional conunerdaUy avails 

mechanical couplings such as, for example, drillpipe connection, oflUQdd country 
tubular goods specialty threaded connection, welding, amorphous bonding or a 
standard thrraded connection. In a preferred embodiment, the upper sealing 
head 2130 is removab^ coupled to the outer sealing mandrel 2140 by a 
30 standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the upper sealing head 2130 and the outer sealing mandrel 
2140 includes one or more sealing members 2220 for iluidicly sealing the 
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interface between the upper sealing head 2130 and the outer sealing mandrel 
2140. The sealing members 2220 may comcprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak 
seals, or metal spring energized seals. In a preferred embodiment, the sealing 
5 memb^ 2220 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 is coupled to the inner sealing mandrel 2120 
and the load mandrel 2145. The low«r siding head 2135 is also movabfy 
coupled to the inner surface of the outer sealing mandrel 2140. In this manner, 

10 the upper sealing head 2130, outer sealing mandrel 2140, and expansion cone 
2150 reciprocate in the axial direction. The radial clearance between the outer 
siuface of the lower sealing head 2135 and the inner surface of the outer sealing 
mandrel 2140 may range, for example, from about 0.0025 to 0.05 inches. In a 
preferred embodiment, the radial clearance between the outer smface of the 

15 lowOT sealing head 2135 and the inner smrfoce of the outer sealing mandrel 2140 
ranges from about 0.0025 to 0.05 inches in ord^r to optimal^ provide minim a l 
radial clearance. 

The lower sealing head 2135 preferabfy comprises an annidar member 
having substantially cylindrical inner and outer surfiaces. The lower sealing 

20 head 2136 may be fabricated from any number of conventional commerdally 
available materials sudi as, for example, oilfield country tubular goods, low 
aUoy steel, carbon steel, stainless sted or other similar high strength materials. 
In a prrferred embodiment, the lower sealing head 2135 is fabricated from 
stainless steel in order to optimally provide hi^ strength, corrosion resistance, 

25 and low friction surfaces. The outer surfece of the lower seaMng head 2135 
preferably indudes one or more annular sealing members 2225 for sealing the 
interface between the lower sealing head 2135 and the outer sealing mandrel 
2140. The sealing membCTS 2225 may comprise any number of conventional 
commercial^ available annular sealing members sudi as, for example, o-rings, 

30 polypak seals or metal spring oiergized seals. In a preferred embodiment, the 
sealing members 2225 comprise polypak seals available from Parker Seals in 
order to optimaQy provide sealing for a long axial stroke. 
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The lower sealing head 2135 may be coupled to the umer sealing mandrel 
2120 using any ntmiber of conventional commercially available mechanical 
couplings such as, for example, driUpipe connection, oilfield coimtiy tubular 
goods specialty type threaded connection, welding, amorphous bonding, or a 
5 standard threaded connection. In a preferred embodiment^ the lower sealing 
head 2135 is removably coupled to the inner sealing mandrel 2120 by a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling betwera the lower sealing head 2135 and the inner sealing mandrel 
2120 includes one or more sealing members 2230 for fluididy sealing the 

10 interface between the lower sealing head 2135 and the inner sealing mandrel 
2120. The sealing members 2230 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak 
seals, or metal spring energized seals. In a preferred embodim^t, the sealing 
m^nbers 2230 comprise pofypak seals available from Parker Seals in order to 

15 optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 may be coupled to the load mandrel 2145 
using any number of conventional commercially available mechanical couplings 
such as, for example, driUpipe connection, oilfield coimtty tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard 

20 threaded connection. In a preferred embodiment, the lower sealing head 2135 
is removably coupled to the load mandrel 2145 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 2135 and the load mandrel 2145 includes one or more 
sealing members 2235 for fluididy sealing the interface between the lower 

25 sealing head 1980 and the load mandrel 2145. The sealing members 2235 misQr 
comprise any nimiber of conventional commerdally available sealing members 
such as, for example, o-rings, polypak seals, or metal spring energized seals. In 
a preferred embodiment, the sealing members 2235 comprise po^ak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 

30 stroke. 

In a preferred embodiment, the lower sealing head 2135 indudes a throat 
passage 2240 fluididy coupled between the fluid passages 2175 and 2180. The 
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throat passage 2240 is preferably of reduced size and is adc4)ted to receive and 
engage with a plug 2245, or other similar device. In this manner, the fluid 
passage 2175 is fluididy isolated from the fluid passage 2180. In this manner, 
the pressure chamber 2250 is presstuized. 
5 The outer sealing mandrel 2140 is coupled to the upper sealing head 

2130 and the expansion cone 2150. The outer sealing mandrel 2140 is also 
movably coupled to the imier surface of the casing 2155 and the outer surface of 
the lower sealing head 2135. In this manner, the upper sealing head 2130, 
outer sealing mandrel 2140, and the expansion cone 2150 reciprocate in the 

10 axial direction. The radial clearance between the outer surface of the outer 
sealing mandrel 2140 and the inner surface of the casing 2155 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial dearance between the outer surface of the outer sealing mandrel 2140 
and the inner surface of the casing 2155 ranges from about 0.025 to 0.125 

15 inches in ordear to optimally i»:ovide stabilization for the expansion cone 2130 
during the expansion process. The radial clearance between the inner surface 
of the outer sealing mandrel 2140 and Uie outer siuf ace of the lower sealing 
head 2135 may range, for example, from about 0.005 to 0.125 inches. In a 
preferred embodiment, the radial clearance between the inner surface of the 

20 outer sealing mandrel 2140 and the outer surface of the lower sealing head 2135 
ranges from about 0.005 to 0.010 inches in order to optinuJly provide minimal 
radial clearance. 

The outer sealing mandrel 2140 preferably comprises an anntdar 
member having substantially cylindrical inner and outer surfaces. The outer 

25 sealing mandrel 2140 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilBeld country tubular 
goods, low alloy steel, carbon steel, stainless steel, or other similar hi^ 
strength materials. In a preferred embodiment, the outer sealing mandrel 2140 
is fabricated from stainless steel in order to optima% provide hi^ strength, 

30 corrosion resistance, and low friction surfaces. 

The outer sealing mandrel 2140 may be coupled to the upper sealing 
head 2130 using any number of conventional commercially available mec h a ni ca l 
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couplings such as, for example, drillpipe connectioii, oilfield country tubular 
goods specially threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 
2140 is removably coupled to the upper sealing head 2130 by a standard 
5 threaded connection. The outer sealing mandrel 2140 may be coupled to the 
expansion cone 2150 using any number of conventional commerdaUy available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the outer sealing 

10 mandrel 2140 is removably coupled to the expansion cone 2150 by a standard 
threaded connection. 

The upper sealing head 2130, the lower sealing head 2135, inner sealing 
mandrel 2120, and the outer sealing nundrel 2140 together define a pressure 
diamber 2250. The pressure chamber 2250 is fluididly coupled to the passage 

15 2175 via one or more passages 2255. During operation of tihe apparatus 2100, 
the plug 2245 engages with the throat passage 2240 to fluidic^ isolate the fluid 
passage 2175 firom the fltud passage 2180. The pressure chamber 2250 is then 
pressurized which in turn causes the upper sealing head 2130, outer sealing 
mandrel 2140, and expansion cone 2150 to reciprocate in the axial direction. 

20 The axial motion of the expansion cone 2150 in turn expands the casing 2155 in 
the radial direction. 

The load mandrel 2145 is coupled to the lower sealing head 2135. The 
load mandrel 2145 preferably comprise an annular memb^ having 
substantially cylindrical inner and outer surfaces. The load mandrel 2145 may 

25 be fabricated firom any number of conventional commercially available 

mat^als such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, staioless steel or other similar hi^ strwgth materials. In a 
preferred embodiment, the load mandrel 2145 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low 

30 fiiction bearing surfaces. 

The load mandrdi 2145 may be coupled to the lower sealing head 2135 
using any number of conventional commerdaUy available medianical couplings 
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such as, for example^ driUpipe coimectioii» oilfield cotmtiy tubular goods 
specialty treaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the load mandrel 2145 is 
removably coupled to the lower sealing head 2135 by a standard threaded 
5 connection in order to optimally provide high strength and permit easy 
replacement of the load mandrel 2145. 

The load mandrel 2145 prrferably includes a fluid passage 2180 that is 
adapted to convey fluidic materials fix>m the fluid passage 2180 to the region 
outside of the apparatus 2100. In a preferred embodiment, the fluid passage 

10 2180 is adapted to convey fluidic materials such as, for sample, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2150 is coupled to the outer sealing mandrel 2140. 
The expansion cone 2150 is also movably coupled to the inner siurface of the 

15 casing 2155. In tius manner, the upper sealing head 2130, outCT sealing 
mandrel 2140, and the expansion cone 2150 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2150 causes the casing 2155 to expand 
in the radial direction. 

The expansion cone 2150 preferably comprises an annular member 

20 having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment^ the outside radius of the outside conical 
surface ranges from about 3 to 28 inches in order to optimally provide cone 
dimensions that are optimal for typical casings. The axial length of the 

25 expansion cone 2150 may range, for example, from about 2 to 6 times the 
largest outside gtiflmeter of ^e expansion cone 2150. In a preferred 
embodiment, the axial length of the expansion cone 2150 ranges from about 3 
to 5 times the largest outside diameter of the expansion cone 2150 in order to 
optimally provide stabiHfy and centralization of the expansion cone 2150 during 

30 the expansion process. In a particularly preferred embodiment, the maximum 
outside diameter of the expansion cone 2150 is between about 90 to 100 % of 
the inside diameter of the existing wellbore that the casing 2155 will be joined 
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with. In a preferred embodiment, the ang^e of attack of tiie espansion cone 
2150 ranges from about 5 to 30 degrees in order to optimally balance friction 
forces and radial expansion forces. The optimal expansion cone 2150 angle of 
attack will vary as a function of the particular operating conditions of the 
5 expansion operation. 

The expansion cone 2150 may be fabricated from any nimiber of 
conventional commercially available materials such as, for example, machine 
tool steei, nitride steel, titaniiim, tungsten carbide, ceramics, or otiier similar 
high str^igth materials. In a preferred embodiment, the expansion cone 2150 
10 is fabricated from D2 madiine tool steel in order to optimally provide high 
strength and resistance to wear and galling. In a particularly preferred 
embodiment, the outside surface of the expansion cone 2150 has a surface 
hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
resistance to wear. 

15 The expansion cone 2150 may be coupled to the outside sealing mandrel 

2140 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred ^nbodiment, the expansion cone 

20 2150 is coupled to the outside sealing mandrel 2140 using a standard threaded 
connection in order to optimally provide hi^ strength and permit the 
expansion cone 2150 to be easily replaced. 

The casing 2155 is removably coupled to the slips 2125 and expansion 
cone 2150. The casing 2155 profitably comprises a tubular member. The 

25 casing 2155 may be fiabricated from any ntmiber of conventional commercially 
available materials such as, for example, slotted tubulars, oilfield country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength material. In a preferred CTobodiment, the casing 2155 is fabricated 
from oilfield country tabular goods available from various foreign and domestic 

30 steel mills in ord» to optimally provide high strength. 

In a preferred embodiment, the upper end 2260 of the casing 2155 
includes a thin wall section 2265 and an outer annular sealing member 2270. 
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In a preferred embodiment, the wall thickness of the thin wall section 2265 is 
about 50 to 100 % of tiie regular wall thickness of the casing 2155. In this 
manner, the upper end 2260 of the casing 2155 may be easily expanded and 
deformed into intimate contact with the lower end of an existing section of 
5 wellbore casing. In a preferred embodiment, the low^ end of the existing 
section of casing also includes a thin wall section. In this maimer, the radial 
expansion of tiie thin walled section 2265 of casing 2155 into the thin walled 
section of the ^ting wellbore casing results in a wellbore casing having a 
substantially constant inside diameter. 

10 The annular sealing member 2270 may be fabricated from any number of 

conventional commercially available sealing materials such as, for example, 
eposQT, rubber, metal or plastic. In a preferred embodiment, the annular sealing 
member 2270 is fabricated from StrataLock epoxy in order to optimally provide 
compressibility and resistance to wear. The outside diameter of the annular 

15 sealing member 2270 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the wellbore casing that the casing 2155 is 
joined to. In this manner, after expansion, the annular sealing member 2270 
preferably provides a fluidic seal and also preferably provides sufficient 
frictional force with the inside surface of the existing section of wellbore casing 

20 during the radial expansion of the casing 2155 to support the casing 2155. 
In a preferred embodiment, the lower end 2275 of the casing 2155 
includes a thin wall section 2280 and an outer annular sealing memb^ 2285. 
In a preferred embodiment^ the wOl thickness of the tiiin wall section 2280 is 
about 50 to 100 % of the regular wall tiiicknesa of the casing 2155. In tins 

25 manner, the lower end 2276 of the casing 2155 may be easily expanded and 
deformed. Purtiiermore, in this manner, an other section of casing may be 
easily joined with the lower end 2275 of the casing 2155 using a radial 
expansion process. In a preferred embodiment, the upper end of the other 
section of casing also includes a thin wall section. In this manner, the radial 

30 expansion of the thin walled section of the upper end of the other casing into 
the thin walled section 2280 of the low« end of the casing 2155 results in a 
wellbore casing having a substantially constant inside diameter. 
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The annular sealing member 2285 may be fabricated from any munber of 
conventional commercially available sealing noaterials such as, for example, 
epo^, rubber, metal or plastic. In a prefOTed embodiment, the annular sealing 
member 2285 is fabricated from StrataLock epo^ in order to optimally provide 
5 compressibility and wear resistance. The outside diameter of the annular 
sealing member 2285 preferably ranges from about 70 to 95 % of the inside 
diameter of tilie lower section of the existing wellbore casing that the casing 
2155 is joined to. In this manner, the annular sealing member 2285 preferably 
provides a fluidic seal and also preferably provides sufficient fiiddonal force 

10 with the inside wall of the wellbore during the radial expansion of the casing 
2155 to support the casing 2155. 

Dm*ing operation, the apparatus 2100 is preferably positioned in a 
wellbore with the upper end 2260 of the casing 2155 positioned in an 
overlapping relationship with the lower end of an costing wellbore casing. In a 

15 particular^ preferred embodiment^ the thin wall section 2265 of the casing 
2155 is positioned in opposing overlapping relation with the thin wall section 
and outer flwnnlar sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the cadng 2155 will 
compress the ihhx waU sections and annular compressible members of the upper 

20 end 2260 of the casing 2155 and the lower end of the existing wellbore casing 
into intimate contact. During the positioning of the apparatus 2100 in the 
wellbore, the casing 2155 is supported by the expansion cone 2150. 

After positioning of the i^paratus 2100, a first fluidic material is then 
pumped into the fluid passage 2160. The first fluidic material may comprise 

25 any number of conventional commercially avaflable materials such as, for 

example, drilling mud, water, epoi^r, or cement. In apreferred embodiment, the 
first fluidic material comprises a hardenable fluidic seahng material such as, for 
example, cement or epoxy in order to provide a hardenable outer annular bo^y 
around the expanded casing 2155. 

30 The first fluidic material may be piunped into the fluid passage 2160 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 3,000 gallons/minute. In a preferred emlsodiment^ the first fluidic 
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material is pumped into the fluid passage 2160 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallonsAninute in order 
to optimally provide operational efficiency. 

The first fluidic material pumped into the fluid passage 2160 passes 
5 through the fluid passages 2165, 2170, 2176, 2180 and then outside of the 
q)paratus 2100. The first fluidic material then fills the annular region between 
the outside of the apparatus 2100 and the interior walls of the wellbore, 

The plug 2245 is then introduced into the fluid passage 2160. The plug 
2245 lodges in the throat passage 2240 and fluididy isolates and blocks off the 

10 fluid passage 2175. In a preferred embodiment^ a couple of volumes of anon- 
hardenable fluidic material are then pumped into the fluid passage 2160 in 
order to remove any hardenable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2160. 

15 The second fluidic material may comprise any number of conventional 
commercially available materials such as, for example, drilling mud, water, 
drilling gases, or lubricants. In a preferred enobodiment, the second fluidic 
matmal comprises a non-hardenable fluidic material such as, for example, 
water, drilling mud or lubricant in order to optimally provide pressurization of 

20 the pressxu*e chamber 2250 and minimize fidctional forces. 

The second fluidic matCTial may be pumped into the fluid passage 2160 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallonsAninute. In a preferred embodiment, the second 
fluidic material is pumped into the fluid passage 2160 at operating pressures 

25 and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallone/minute 
in order to optimalb^ provide operational efSdency. 

The second fluidic material pumped into the fluid passage 2160 passes 
through the fluid passages 2165, 2170, and 2175 into the pressure chambers 
2195 of the slips 2125, and into the pressure diamber 2250. Continued 

30 pumping of the second fluidic material pressurizes the pressure chambers 2195 
and 2250. 
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The pressurization of the pressure chambers 2195 causes the slip 
members 2205 to expand in the radial direction and grip the interior surface of 
the casing 2155. The casing 2155 is then preferably maintained in a 
substantially stationaiy position. 
5 The pressurization of the pressure chamber 2250 causes the upper 

sealing head 2130, outer sealing mandrel 2140 and expansion cone 2150 to 
move in an axial direction relative to the casing 2155. In this manner, the 
expansion cone 2150 will cause the casing 2155 to expand in the radial 
direction. 

10 During the radial expansion process, the casing 2155 is prevented from 

moving in an upward direction by the slips 2125. A length of the casing 2155 is 
then expanded in theradial direction through the pressurization of the pressure 
chamber 2250. Thelengthof the casing 2155 that is expanded during the 
expansion process will be proportional to the stroke length of the upper sealing 

15 head 2130, outa sealing mandrel 2140, and expansion cone 2150. 

Upon the completion of a stroke, the operating pressure of the second 
iluidic material is reduced and the upper sealing head 2130, outer sealing 
mandrel 2140, and expansion cone 2150 drop to their rest i)ositions with the 
casing 2155 supported by the expansion cone 2150. The position of the drillpipe 

20 2105 is preferably adjusted throughout the radial expansion process in order to 
mm n ^-aiTi the ov^lapping relationship between tlie thin walled sections of the 
lower end of the existing wellbore casing and the upper end of the casing 2155. 
In a preferred embodiment, tiie stroking of the expansion cone 2150 is then 
repeated, as necessary, until the thin walled section 2265 of the upper end 2260 

25 of the casing 2155 is expanded into the thin walled section of the lower end of 
the existing wellbore casing. In this manner, a wellbore casing is formed 
including two ai^acent s^rtions of casing having a substantially constant inside 
diameter. This process may then be repeated for the entirety of the wellbore to 
provide a wellbore casing thousands of feet in lengtii having a substantially 

30 constant inside diameter. 

In a preferred embodiment, during the final stroke of the expansion cone 
2150, the slips 2125 are positioned as dose as possible to tiie thin walled section 
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2265 of Hie upper end of the casing 2155 in order minimize slippage between 
the casing 2155 and the eadsting wellbore casing at the end of the radial 
expansion process. Alternatively, or in addition, the outside diameter of the 
annular sealing member 2270 is selected to ensure sufQdent interference fit 
5 with the inside diameter of the lower end of the existing casing to prevent axial 
displacement of the casmg 2155 during the final stroke. Alternatively, or in 
addition, the outside diameter of the annular sealing member 2285 is selected 
to provide an interference fit with the inside walls of the Mrellbore at an earli^ 
point in the radial expiansion process so as to prevent further axial displacement 
10 of the casing 2155. In this final alternative, the interference fit is preferably 
selected to permit expansion of the casing 2155 by pulling the expansion cone 
2150 out of the wellbore, without having to pressurize the pressure chamber 
2250. 

During the radial ecspansion process, the pressurized areas of the 
15 apparatus 2100 are limited to the fluid passages 2160, 2165, 2170, and 2175, the 
pressure chantibers 2195 within the slips 2125, and the pressure chamber 2250. 
No fluid pressure acts directly on the casing 2155. This permits the use of 
operating pressures higher than the casing 2155 could normally withstand.- 

Once the casing 2155 has been completely expanded off of die expansion 
20 cone 2150, remaining portions of the apparatus 2100 are removed firom the 
wellbore. In a preferred embodiment, the contact pressure between the 
deformed thin wall sections and compressible annular members of Hie lower 
end of the existing casing and the upper end 2260 of the casing 2155 ranges 
firom about 500 to 40,000 pisi in order to optimally support the casiog 2155 
25 udng the existing wellbore casing. 

In this manner, tiie casing 2155 is radially expanded into contact with an 
existing section of casing by prrasurizing the interior fluid passages 2160, 2165, 
2170, and 2175 and the pressure chamber 2250 of tiie apparatus 2100. 

In a preferred embodiment, as required, the annular body of hardenable 
30 fluidic material is then allowed to cure to form a rigid outer annular body about 
the expanded casing 2155. In the case where the casing 2155 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
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2155. The resulting new section of wellbore casing includes the expanded 
casing 2155 and the rigid outer annular body. The overlapping joint between 
the pre-existing wellbore casing and the expanded casing 2155 includes the 
deformed thin wall sections and the compressible outer annular bodies* The 
5 inner diameter of the resulting combined wellbore casings is substantially 
constant.. In this manner, a mono-diameter wellbore casing is formed. This 
process of expanding overlapping tubular members having thin wall end 
portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner^ a mono-diameter wellbore casing 

10 can be provided for thousands of feet in a subterranean formation. 

In a prefeSrred embodiment, as the expansion cone 2150 nears the upper 
end of the casing 2155, the operating flow rate of the second fluidic material is 
reduced in order to minimize shock to the apparatus 2100. In an alternative 
embodiment, the apparatus 2100 includes a shock absorbs for absorbing the 

15 shock created by the completion of the radial expansion of the casing 2155. 

In a prefCTred embodiment^ the reduced operating pressure of the second 
fluidic noaterial ranges from about 100 to 1,000 psi as the e:q>ansion cone 2130 
nears the end of the casing 2155 in order to optimaUy provide reduced axial 
movement and velocity of the expansion cone 2130. In a preferred embodiment, 

20 the operating pressure of the second fluidic matmal is reduced during the 
return stroke of the apparatus 2100 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2130 during the 
return stroke. In a preferred embodiment, the stroke length of the apparatus 
2100 ranges from about 10 to 45 feet in order to optimally provide equipment 

25 lengths that can be handled by conventional oil well rigging equipm^t while 
also minimizing the frequency at which the expansion cone 2130 must be 
stopped so that the ^paratus 2100 can be re-stroked. 

In an alternative embodiment^ at least a portion of the upper sealing 
head 2130 includes an expansion cone for radially expanding the casing 2155 

30 during operation of the apparatus 2100 in order to increase the sinf ace area of 
tiie casing 2155 acted upon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 

-129- 



25791^.02 



Alternatively, ihe apparatus 2100 may be used to join a first section of 
pipeline to an existing section of pipeline. Alternatively, the apparatus 2100 
may be used to directly line l^e interior of a wellbore with a casing, without the 
use of an outer annular layer of a hardenable material. Alternatively, the 
5 apparatus 2100 may be used to expand a tubular support member in a hole. 

Referring now to Figures 17, 17a and 17b, anoth^ embodiment of an 
apparatus 2300 for expanding a tubular member will be described. The 
apparatus 2300 preferabty included a drillpipe 2305, an innerstring adapter 
2310, a sealing sleeve 2315, a hydraulic slip bodiy 2320, hydraidic slips 2325, an 

10 inner sealing mandrel 2330, an upper sealing head 2335, a lower sealing head 
2340, a load mandrel 2345, an outer sealing mandrel 2350, an expansion cone 
2355, a mechanical slip body 2360, mechanical slips 2365, drag blocks 2370, 
casing 2375, fluid passages 2380, 2385, 2390, 2395, 2400, 2405, 2410, 2415, and 
2485, and mandrel laundier 2480. 

15 The drillpipe 2305 is coupled to the innerstring adapter 2310. During 

operation of the apparatus 2300, the drillpipe 2305 supports the s^paratus 
2300. The drillpipe 2305 preferably comprises a substantially hollow tubular 
member or members. The drillpipe 2305 may be fabricated from any number of 
conventional commercially available materials sudi as, for example, oilfield 

20 country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment^ the drillpipe 2306 
is fabricated from coiled tubing in order to fadliate the placement of the 
apparatus 2300 in non-vertical weUbores. The drillpipe 2305 may be coupled to 
the innerstring adapter 2310 usiag any number of conventional commerdaUy 

25 available mftchflnir^^ couplings sudi as, for example, drillpipe connection, 
oilfield coimtry tubular goods spedalty threaded connection, or a standard 
threaded connection. In a prrferred embodimrat, the drillpipe 2305 is 
removably coupled to the imierstring adf^ter 2310 by a drillpii)e connection. 
The drillpipe 2305 preferably mdudes a fluid passage 2380 that is 

30 ^d^ptH to convey fluidic materials from a surface location into the fluid 

passage 2385. In a preferred embodiment^ the fluid passage 2380 is adapted to 
conv^ fluidic materials such as, for ezanq>le, cement, water, epoxy, drilling 
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muds, or lubricants at operating pressures and flow rates ranging from about 0' 
to 9,000 psi and 0 to 5,000 gaUons/minute in order to optimally provide 
operational efficiency. 

The innerstring adapter 2310 is coupled to the drill string 2305 and the 
5 sealing sleeve 2315. The innerstring adapter 2310 {nreferably comprises a 
substantially hollow tubular member or members. The innerstring adi^ter 
2310 may be fabricated from any number of conventional commercially 
available materials such as, for esamplet oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 

10 In a preferred embodiment, the innerstring adapter 2310 is fabricated from 
stainless steel in order to optimal^ provide high strength, corrosion resistance, 
and low friction surfaces. 

The innerstring adapter 2310 may be coupled to the drill string 2305 
using any number of convrational commercially available mechanical couplings 

15 such as, for example, driUpipe connection, oilfield country tubtdar goods 
specially threaded connection, or a standard threaded connection. In a 
preferred embodiment^ the innerstring adapter 2310 is removably coupled to 
. the drill pipe 2305 by a drillpipe connection. The innerstring adiq[»ter 2310 may 
be coupled to the sealing sleeve 2315 using any number of conventional 

20 commercially available mechanical couplings such as, for example, a drillpipe 
connection, oilfield country tubular goods specialty threaded connection, or a 
standard threaded connection. In a preferred embodiment, the innerstring 
adapter 2310 is removably coupled to tihe sealing sleeve 2315 by a standard 
threaded connection. 

25 The innerstring adi^ter 2310 preferably includes a fluid passage 2385 

that is adapted to convey fluidic ^ntoriala from the fluid passage 2380 into the 
fluid passage 2390. In a preferred embodiment^ the fluid passage 2385 is 
adi^ted to convey fluidic materials sudi as, for exanq)le, cement, epoxy, water, 
drilling mud, drilling gases or lubricants at operating prrasures and flow rates 

30 ranging from about 0 to 9,000 im and 0 to 3,000 gaUonsAninute. 

The sealing sleeve 2315 is coupled to the innerstring adapter 2310 and 
the hydraulic slip bocty 2320. The sealing sleeve 2315 preferably comprises a 
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substantialHy hollow tubular member or members. The sealing sleeve 2315 may 
be fabricated firom any number of conventional commerdalty available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar hi^ strength materials. In a 
5 preferred embodiment, the seahng sleeve 2315 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low- 
Mction surfaces. 

The sealing sleeve 2315 may be coupled to the innorstring adapt&t 2310 
using any number of conventional oommerdaUy available mechanical coupling 

10 such as, for example, drillinpe connections, oilfield country tabular goods 
specialty threaded connections, or a standard threaded connection. In a 
preferred embodiment, the sealing sleeve 2315 is removably coupled to the 
innerstring adapter 2310 by a standard threaded connection. The sealing sleeve 
2315 may be coupled to the hydraulic slip body 2320 using any number of 

15 conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded 
connection, or a standard threaded connection. In a prrferred embodiment, the 
sealing sleeve 2315 is removably coupled to the hydraulic slip bo^y 2320 by a 
standard threaded connection. 

20 The seaUng sleeve 2315 preferably indudes a fluid passage 2390 that is 
adapted to convey fluidic materials from the fluid passage 2385 into the fluid 
passage 2395. In a preferred embodiment, the fluid passage 2315 is adapted to 
convey fluidic materials sudi as, for example, cement, epo^, yraier, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 

25 9,000 psi and 0 to 3,000 gaUons/minute. 

The l^draulic slip body 2320 is coupled to the sealing sleeve 2315, the 
hydrauUc sUps 2325, and the mner sealing mandrel 2330. The hydraulic slip 
body 2320 preferably comprises a substantially hollow tabular monber or 
members. The hydraulic slip bo^ 2320 may be fabricated from any number of 

30 conventional commercially available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other high 
strength materiaL In a preferred embodiment, the hydrauUc shp bo^ 2320 is 
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fiabricated firom carbon steel in order to optimally provide hi^ strength at low 
cost. 

The hydratilic slip bod^ 2320 may be coupled to the sealing sleeve 2315 
iising any number of conventional conunerdally available mechanical couplings 
5 such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection. In a 
preferred embodiment^ the hydraulic slip bodty 2320 is removably coupled to the 
sealing sleeve 2315 by a standard threaded connection. The hj^aulic slip body 
2320 may be coupled tx> the slips 2825 using any number of conventional 

10 commercially available mechanical couplings such as» for escample, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2320 is removably coupled to the slips 
2325 by a standard threaded connection. The hydraulic slip bo^y 2320 may be 

15 coupled to the inner sealing mandrel 2330 using any number of conventional 
commerciaUy available mechanical couplings sudbi as, for example, drillpipe 
connection, oilfield coimtry tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2320 is rraiovably coupled to the inn^ 

20 sealing mandrel 2330 by a standard threaded connection. 

The hydraulic slips body 2320 preferably includes a fluid passage 2395 
tiiat is adapted to convey fliddic materials from the fluid passage 2390 into the 
fluid passage 2405. In a preferred embodiment, the flidd passage 2395 is 
adi^ted to convey fluidic materials such as, for example, cement, epoxy, water, 

25 drilling mud or lubricants at operating pressures and flow rates ranging 
about 0 to 9,000 psi and 0 to 3,000 gallonsAninute. 

The hydraulic, slips bo^y 2320 preferab^r includes fluid passage 2400 that 
are adapted to convey fluidic matmals from the fluid passage 2395 into the 
pressure chambers 2420 of the hydraulic slips 2325. In this manner, the slips 

30 2325 are activated upon the pressurization of the Qmd passage 2395 into 

contact with the inside surface of the casing 2375. In a preferred embodiment, 
the fluid passages 2400 are adapted to convey fluidic materials such as, for 
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example, water, driUihg mud or lubricants at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The slips 2325 are coupled to the outside surface of the hydraulic slip 
bo^ 2320. During operation of the apparatus 2300, the slips 2325 are activated 

5 upon the pressurization of the fluid passage 2395 into contact with the inside 
surface of the casing 2375. In this manner, the slips 2325 m a in tai n the casing 
2375 in a substantially stationary position. 

The slips 2325 preferably indude the fluid passages 2400, the pressure 
chambers 2420, spring bias 2425, and sUp members 2430. The slips 2325 may 

10 comprise any nmnber of conventional commercially available hydraulic slips 
such as, for example, RTTS packer tungsten carbide hydrauhc slips or Model 3L 
retrievable bridge plug with hydraulic slips. In a preferred embodiment, the 
aUpa 2325 comprise RTTS packer tungsten carbide Iqrdraulic slips available 
from Halliburton Energy Services in order to optimally provide resistance to 

15 axial movement of the casing 2375 during the radial eiqMmsion process. 

The inner sealing mandrel 2330 is coupled to the hydraulic slip body 
2320 and the lower sealing head 2340. The inner soling mandrel 2330 
preferably comprises a substantially hollow tubular member or members. The 
inner sealing mandrel 2330 may be fabricated from any number of conventional 

20 commercial^ available materials such as, for example, oilfield country tubular 
goods, low alloy sted, carbon steel, stainless steel or other similar high strength 
materials. In a prrferred embodiment, the mner sealing mandrel 2330 is 
fabricated from stamless steel in order to optimally provide high strengtii, 
corrosion resistance, and low fricticm surfaces. 

25 The iimer sealing mandrel 2330 may be coupled to Hie Iqrdraulie sUp 

body 2320 usiog any number of conventional commerciaQy available m e chanical 
couplings such as, for example, driDpipe connection, oilfield country tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the inner sealing 

30 mandrel 2330 is removably coupled to the hydraulic slip body 2320 by a 

standard threaded connection. The mner sealing mandrel 2330 may be coupled 
to the lower sealing head 2340 using any number of conventional commercially 
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available mechanical couplings such as, for example^ driUpipe connection, 
oilfield country tubular goods specially threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the inner sealing mandrel 2330 is removably coupled to the lower 
5 sealing head 2340 by a standard threaded connection. 

The inner sealing mandrel 2330 preferably includes a fluid passage 2405 
that is adapted to convey fluidic materials from the fluid passage 2395 into the 
fluid passage 2415. In a preferred embodiment, the fluid passage 2405 is 
adapted to convey fluidic materials such as, for example, cement, epoacy, water, 

10 drilling mud, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/oiinute. 

The upper sealing head 2335 is coupled to the outer sealing mandrel 
2345 and expansion cone 2355. The upper sealing head 2335 is also movably 
coupled to the outer surface of the inner sealing n^iandrel 2330 and the inner 

15 surface of the casing 2375* In this manner, the upper sealing head 2335 
reciprocates in the axial direction. The radial clearance between the inner 
cylindrical surface of the upper sealing head 2335 and the outer surface of the 
inner sealing mandrel 2330 may range, for example, from about 0.0025 to 0.05 
inches. In a preferred embodiment, the radial dearance between the inner 

20 cylindrical surface of the upper sealing head 2335 and the outer surface of the 
inner sealing mandrel 2330 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimfll dearance. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2335 and the inner surface of the 
casing 2375 may range, for example, from about 0.025 to 0.375 inches. In a 

25 preferred embodiment, the radial dearance betweoi the outer cylindrical 

surface of the upp» sealing head 2335 and the inner surfiEU^ of the casing 2375 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 2355 dining the expansion process. 

The upper sealing head 2335 preferably comprises an annular member 

30 having substantial^ cylindrical inner and outer sinrfac^. The uppa: sealing 
head 2335 may be fabricated from any nmnb^ of conventional commercially 
available materials such as, for example, oilfidd country tubular goods, low 

-135- 



25791^.02 



alloy steel, carbon steel, stainless sted or other similar high strength materials. 
In a preferred embodiment^ the upper sealing head 2335 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The inner surface of the upper sealing head 2335 
5 preferably includes one or more annular sealing members 2435 for sealing the 
interface between the upper sealing head 2335 and the inner sealing mandrel 
2330. The sealing menibers 2435 may comprise any number of conventional 
commercially available annular sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. In a preferred embodiment, the 
10 sealing members 2435 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2335 includes a 
shoulder 2440 for supporting the upper sealing head on the lower sealing head 
1930. 

15 The upper sealing head 2335 may be coupled to the outer sealing 

mandrel 2350 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpii>e connection, oilfield country 
tubular goods specially tiireaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment^ the upper seaUng 

20 head 2335 is removably coupled to the outer sealing mandrel 2350 by a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the upper sealing head 2335 and the outer sealing mandrel 
2350 includes one or more sealing members 2445 for fluididy sealing the 
interface between the upper sealing head 2335 and the outar sealmg mandrel 

25 2350. The sealing members 2445 may comprise any number of conventional 
commodally available sealing members such as, for example, o-rings, polypak 
seals or metal spring energized seals. In a preferred embodiment^ tiie sealing 
members 2445 comprise polypak seals available from Parker Seals in order to 
optinudfy provide sealing for long axial strokes. 

30 The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 

and the load mandrel 2345. The lower sealing head 2340 is also movably 
coupled to the inner surface of the outer sealing mandrd 2350. In this mann», 
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the upper sealing head 2335 and outer sealing maiidrel 2350 reciprocate in the 
adal direction. The radial clearance between the outer surface of the lower 
sealing head 2340 and the inner surface of the outer sealing mandrel 2350 may 
range, for example, from about 0.0025 to 0.05 inches. In a preferred 
5 embodiment, the radial clearance between the outer sxuf ace of the lower sealing 
head 2340 and the inner surface of the outer sealing mandrel 2350 ranges from 
about 0.005 to 0.010 inches in order to optimally provide tninimfll radial 
dearance. 

The lower sealing head 2340 preferably comprises an annular meniber 

10 having substantially cylindrical inner and outOT surfaces. The lower sealing 
head 2340 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield tubular members, low alloy 
steel, carbon steel, stainless steel or other similar hi^ strength materials. In a 
preferred embodiment, the lower sealing head 2340 is fabricated from stainless 

15 steel in order to optimally provide hi^ strength, corrosion resistance, and low 
friction surfaces. Theoutersurfaceof the lower sealing head 2340 preferably 
includes one or more annular sealiog members 2450 for sealing Ihe interface 
between the lower sealing head 2340 and tixe outer sealing mandrel 2350. The 
sealing members 2450 may comprise any ntmiber of conventional commercially 

20 available antnilftr sealing members such as, for example, o-rings, polypak seals 
or metal spring raergized seals. In a preferred embodiment, the sealing 
members 2450 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

The lower sealing head 2340 may be coupled to the inner sealing mandrel 

25 2330 using any number of conventional oommerdalfy available mechanical 
couplings such as, for example, diiUpipe connection, oilfield country tubular 
specially threaded connection, welding, amorphous bonding, or standard 
threaded coimection. In a preferred embodiment, the lower sealing head 2340 
is removably couple to the iimer sealing mandrel 2330 by a standaitl threaded 

30 connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 2340 and the innor sealing mandrel 2330 includes one or 
more sealing members 2455 for fluidicly sealing the inter£EU» between the lower 
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sealing head 2340 and the inner sealing mandrel 2330. The sealing members 
2455 comprise any number of conventional commerdaUy available sealing 
members such as, for example, o-rings, pol3rpak or metal spring energized seals. 
In a preferred embodiment, the sealing members 2455 comprise poljrpak seals 
5 available from Parker Seals in order to optimally provide seating for a long axial 
stroke length. 

The lower sealing head 2340 may be coupled to the load mandrel 2345 
using any nimiber of conventional commercially available mechanical couplings 
such as, for example, driUpipe connection, oilfield country tubular goods 

10 specialty threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 2340 
is removably coupled to the load mandrel 2345 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 2340 and the load mandrel 2345 includes one or more 

15 sealing members 2460 for fluididy sealing the interface between the lower 
sealing head 2340 and the load mandrel 2345. The sealing members 2460 may 
comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 2460 comprise polypak seals 

20 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke length. 

In a preferred embodiment, the lower sealing head 2340 includes a throat 
passage 2465 fluididy coupled between the fluid passages 2405 and 2415. The 
throat passage 2465 is preferably of reduced size and is adapted to receive and 

25 engage witii a plug 2470, or other similar device. In this manner, the fluid 
passage 2405 is fltddidiy isolated from the fluid passage 2415. In this manner, 
the pressure chamber 2475 is pressurized. 

The outer sealing mandrel 2350 is coupled to the upper sealing head 
2335 and the expansion cone 2355. The outer sealing mandrel 2350 is also 

30 movably coupled to the inner surface of the casing 2375 and the outer smrface of 
the lovfa sealing head 2340. In this manner, the upper sealing head 2335, 
outer sealing mandrel 2350, and tiie expansion cone ^55 reciprocate in the 
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axial direction. The radial clearance bistween the duter surface of the outer 
sealing mandrel 2360 and the inner surface of the casing 2375 may range» for 
example, from about 0*025 to 0.375 inches. In a preferred embodiment, the 
radial dearance between the outer surface of the outer sealing mandrel 2350 
5 and the inner surface of the casing 2375 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the ^pansion cone 2355 
during the expansion process. The radial clearance between the inner surface 
of the outer sealing mandrel 2350 and the outer surface of the lower sealing 
head 2340 may range, for example, from about 0.0025 to 0.375 indies. In a 
10 preferred embodiment, the radial clearance between the inner surface of the 
outer sealing mandrel 2350 and the outer surface of Ihe lower seaUng head 2340 
ranges from about 0.005 to 0.010 indxes in order to optimally provide inininial 
clearance. 

The outer sealing mandrel 2350 preferably comprises an annular 
15 member having substantially cylindrical inner and outer surfaces. The outer 
sealing mandrel 2350 may be fabricated from any number of conventional 
commerdally available materials such as, for example, low alloy sted, carbon 
steel, stainless sted or other similar high strength materials. In a preferred 
embodiment, the outer sealing mandrd 2350 is fabricated from stainless steel 
20 in order to optimal^ provide high strength, corrosion resistance, and low 
friction surfrices. 

The outer sealing mandrd 2350 may be coupled to the upper sealing 
head 2335 using any nimiber of conventiond commerdally available medianicd 
couplings such as, for example, drOIpipe connections, oilfidd country tubular 

25 goods specidly threaded connections, wdding, amorphous bonding, or a 
standard tiireaded connection. In a preferred embodiment, the outer sealing 
mandrel 2350 is removably coupled to the upper sealing head 2335 by a 
standard threaded connection. The outa seahng mandrel 2350 may be coupled 
to the expansion cone 2355 using any number of conventiond commerdally 

30 available mechanicd couplings sudi as, for example, drillpix>e connection, 
oilfield countay tubular goods speddty threaded connection, wdding, 
amorphous bonding, or a standard threaded connection. In a preferred 
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embodiment, the outer sealing mandrel 2350 is removably coupled to the 
expansion cone 2355 by a standard threaded connection. 

The upper sealing head 2335, the lower sealing head 2340, the inner 
sealing mandrel 2330, and the outer sealing mandrel 2350 together define a 
5 pressure chamber 2475. The pressure chamber 2475 is fluididy coupled to the 
passage 2405 via one or more passages 2410. During operation of tiie apparatus 
2300, the plug 2470 engages with the throat passage 2465 to fluididy isolate the 
fluid passage 2415 firom the fluid passage 2405. The pressure chamber 2475 is 
then pressurized which in turn causes tiie upper sealing head 2336, outer 

10 sealing mandrel 2350, and expansion cone 2355 to reciprocate in the axial 
direction. The axial motion of the expansion cone 2355 in turn expands the 
casing 2375 in tiie radial direction. 

The load mandrd 2345 is coupled to the lower sealing head 2340 and the 
mechanical slip body 2360. The load mandrel 2345 preferably comprises an 

15 annular member having substantiaHy cylindrical hmer and outer surfaces. The 
load mandrel 2345 m^ be fabricated ficom any number of conventional 
commerdally available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the load mandrel 2345 is fabricated from 

20 stainless steel in order to optimally provide high strength, corrosion resistance, 
and low firiction surfaces. 

The load mandrel 2345 may be coupled to the lower sealing head 2340 
using any number of conventional commerdally available mechanical couplings 
such as, for example, dril^ipe connection, oOfidd country tubular goods 

25 spedalty threaded connection, welding; amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the load mandrel 2345 is 
removabfy coupled to the lower sealing head 2340 by a standard threaded 
connection. The load mandrd 2345 may be coupled to the mechanical slip body 
2360 using any number of conventional commercially available medianical 

30 couplings such as, for example, driHinpe connection, oilfield country tubular 
goods spedaliy threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the load mandrd 
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2345 is removably coupled to the mechanical slip bo4y 2360 by a standard 
threaded connection. 

The load mandrel 2345 preferably includes a fluid passage 2415 that is 
adapted to convey fluidic matmals from the fluid passage 2405 to the region 
5 outside of the apparatus 2300. In a preferred embodiment, the fluid passage 
2415 is adapted to convey fluidic materials such as^ for example, cement, epoxy, 
wateTi drilling mud or lubricants at operating pressures and flov/ rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2355 is coupled to tlie outer sealing mandrel 2350. 

10 The expansion cone 2355 is also movably coupled to the inner surface of the 
casing 2375. In this manner, the upper sealing head 2335, outer sealing 
mandrel 2350, and the expansion cone 2355 reciprocate in the axial dfrection. 
The reciprocation of the expansion cone 2355 causes the casing 2375 to opand 
in the radial direction. 

15 The expansion cone 2355 preferably conqirises an annular member 

having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range^ for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 inches ia order to optunally provide radial 

20 expansion ofthe typical casings. The axial length of the expansion cone 2355 
may range, for example, from about 2 to 8 times the largest outside diameter of 
the expansion cone 2355. In a preferred embodiment, the axial length of the 
expansion cone 2355 ranges from about 3 to 5 times the largest outside 
diameter of the expansion cone 2355 in order to optimal^ provide stability and 

25 centralization of the expansion cone 2355 during the expansion process. In a 
preferred embodimmt, the angle of attack ofthe e^mnsion cone 2355 ranges 
frt)m about 5 to 30 d^ees ia order to optimal^ frictional forces vdth radial 
expansion forces. The optimum ang^e of attack of the expansion cone 2355 will 
vary as a function of the operating parameters of Uie partictdar expansion 

30 operation. 

The e^MUision cone 2355 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 
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tool Steel, nitride steel, titanimn, tungsten carbide, ceramics or other similar 
hi^ strength materials. In a preferred embodiment, the e^ansion cone 2355 
is fabricated from D2 machine tool steel in order to optimally provide high 
strength, abrasion resistance, and galling resistance. In a particularly preferred 
5 embodiment, tiie outside surface of the expansion cone 2355 has a surface 
hardness ranging firom about 58 to 62 Rockwell C in order to optimally provide 
high strength, abrasion resistance, resistance to galling. 

The expansion cone 2355 may be coupled to the outside sealing mandrel 
2350 using any number of conventional commercially available mechanical 

10 couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded coimection. In a preferred embodiment, the expansion cone 
2355 is coupled to the outside sealing mandrel 2350 using a standard threaded 
connection in order to optimally provide high strength and permit the 

15 expansion cone 2355 to be easily replaced. 

The mandrel launcher 2480 is coupled to the casing 2375. The mandrel 
launcher 2480 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 2375. In a preferred embodiment, the wall 
thickness of the mandrel launcher 2480 is about 50 to 100 % of the wall 

20 thickness of the casing 2375. In this manner, tiie initiation of the radial 

expansion of the casing 2375 is facilitated, and the placement of the apparatus 
2300 into a wellbore casing and wellbore is facilitated. 

The mandrel launcher 2480 may be coupled to tiie casing 2375 using any 
number of conventional mechanical couplings. The mandrel latmch« 2480 may 

25 have a wall tiiidmess ranging, for example, from about 0.15 to 1.5 inches. In a 
preferred embodiment, the wall thicknejffl of the mandrel launcher 2480 ranges 
from about 0.25 to 0«75 inches in order to optimally provide high strength in a 
mim'TTial profQe. The mandrel launcher 2480 may be fabricated from any 
niunber of conventional conmierdally available materials such as, for example, 

30 oilfield tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar hi^ strength materials. In a preferred embodiment, tiie mandrel 
launcher 2480 is fabricated from oilfield tubular goods having a hi^er stirength 
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than that of the casing 2375 but Mdih a smaUer waU tiiic^ 

2375 in order to optimally provide a thin walled container having approximately 

the same burst strength as that of the casing 2375. 

The mechanical slip body 2460 is coupled to the load mandrel 2345, the 
5 mechanical slips 2365, and the drag blocks 2370. The mechanical slip body 
2460 preferab^ comprises a tubular member having an inner passage 2485 
fluidic^ coupled to the passage 2415* In this manner, fluidic materials may be 
conveyed from the passage 2484 to a r^on outside of the apparatus 2300. 

The mechanical slip body 2360 may be coupled to the load mandrel 2345 

10 usinganynumber of conventional mechanical couplings. In a preferred 
embodiment^ the mechanical slip body 2360 is removably coupled to the load 
mandrel 2345 using tiireads and sliding steel retaining rings in order to 
optimally provide a high strength attachment. The mechanical shp body 2360 
may be coupled to the mechanical slips 2365 using any number of conventional 

15 mechanical couplings. In a preferred embodiment^ the mechanical slip body 
2360 is r^ovably coupled to the mechanical slips 2365 using tiireads and 
sliding steel retaining rings in order to optimally provide a hi^ strength 
attachment The mechanical slip boc^ 2360 may be coupled to the drag blocks 
2370 using any numbw of conventional mechanical couplings. In a preferred 

20 embodiment, the mechanical slip body 2360 is removably coupled to the drag 
blocks 2365 using threads and sliding steel retaining rings in order to optimally 
provide a bi^ strength attadmient. 

The mechanical slips 2365 are coupled to the outside sindTace of the 
mechanical slip body 2360. During operation of the apparatus 2300, the 

25 mechanical sUpa 2365 prevent upward movement of Hie casing 2375 and 
mandrel laundier 2480. In this manner, during the aodal reciprocation of the 
expansion cone 2355, the casing 2375 and mandrel launcher 2480 are 
maintained in a substantially stationary position. In this manner, the mandrel 
launcher 2480 and casing 2375 are expanded in the radial direction by the axial 

30 movement of the expansion cone 2355. 

The mechanical slips 2365 may con^prise any number of conventional 
commercially available mechanical slips such as, for example, RTTS patter 
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tungsten carbide mechanical slips, RTTS packer i^cker type mechanical slips or 
Model 3L retrievable bridge plttg tungsten carbide upper mechanical slips. In a 
preferred embodiment, the mechanical slips 2365 comprise RTTS packer 
tungsten carbide mechanical slips available from Halliburton Energy Services 
5 in order to optimally provide resistance to axial movement of the casing 2375 
dining the expansion process. 

The drag blocks 2370 are coupled to the outside surface of the 
mechanical slip body 2360. During operation of the apparatus 2300, the drag 
blocks 2370 prevent upward movement of the casing 2375 and mandrel 

10 launcher 2480. In this manner, during the axial reciprocation of the expansion 
cone 2355, the casing 2375 and mandrel launcher 2480 are maintained in a 
substantially stationary position. In this manner, the mandrel launcher 2480 
and casing 2375 are expanded in the radial direction by the axial movement of 
the expansion cone 2355. 

15 The drag blocks 2370 may comprise any number of conventional 

commercial^ available mechanical slips such as, for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2370 comprise RTTS padcer medianical 
drag blocks available from Halliburton Energy Services in order to optimally 

20 provide resistance to axial movement of the casing 2375 during the expansion 
process. 

The casing 2375 is coupled to the mandrel launcher 2480. The casing 
2376 is further removably coupled to the mechanical slips 2365 and drag blocks 
2370. The casing 2375 preferably comprises a tubular member. The casing 

25 2375 may be fabricated from any number of convmtional commercially 

available mat^ri^l*? such as, for sample, slotted tubulars, oil country tubidar 
goods, carbon steel, low alloy steel, stainless steel or other similar hi^ strength 
materials. In a preferred embodiment, the casing 2375 is fisd>ricated !^ 
oilfield country tubular goods available from various foreign and domestic steel 

30 miUs in order to optimally provide high strength. In a preferred embodiment, 
the upper end of the casing 2375 includes one or more sealing members 
positioned about tiie exterior of the casing 2375. 
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During operation, the apparatus 2300 is positioned in a wellbore with the 
upper end of the casing 2375 positioned in an overleaping relationship within 
an existing wellbore casing. In order minimize surge pressures within the 
borehole during placement of the apparatus 2300, the fluid passage 2380 is 
5 preferably provided with one or more pressure relid* passages. During the 
placement of the apparatus 2300 in the wellbore, ttie casing 2375 is supported 
by the expansion cone 2355. 

After positioning of the cqpparatus 2300 within the bore hole in an 
overleaping relationship with an existing section of wellbore casing, a first 

10 fluidic material is pumped into the fluid passage 2380 from a siuiace location. 
The first fluidic material is conveyed from the fluid passage 2380 to the fluid 
passages 2385, 2390, 2395, 2405, 2415, and 2485. The first flmdic material will 
then exit the apparatus 2300 and fill the annular region between the outside of 
the apparatus 2300 and the interior walls of the bore hole. 

15 The first fluidic material may comprise any number of conventional 

commercially available materials such as, for example, epoxy^ drilling mud, slag 
mix, cement^ or water. In a preferred embodiment, the first fluidic material 
comprises a hardenable fluidic sealing material such as, for example, slag mix, 
epoxy, or cement In this manner, a wellbore casing having an outer annular 

20 layer of a hardenable material may be formed 

The first fluidic material may be pumped into the apparatus 2300 at 
opiating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi, and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 
material is pumped into the apparatus 2300 at operating pressures and flow 

25 rates ranging firom about 0 to 3,500 psi andO to 1,200 gallons^ninute in order 
to optimal^ provide operational efSciency. 

At a pr edetramined point in the iiqection of the first fliudic matmal sudi 
as, for example, after the anntdar region outside of the apparatus 2300 has been 
filled to a predetermined level, a plug 2470, dart^ or other similar device is 

30 introduced into the first fliudic material. The plug 2470 lodges in the throat 
passage 2465 thereby fluididy isolating the fluid passage 2405 firom the fluid 
passage 2415. 
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After placement of the plug 2470 in the throat passage 2465, a second 
fluidic material is pumped into the fluid passage 2380 in order to pressurize the 
pressure charnb^ 2475. The second fluidic material may comprise any number 
of conventional conmierdally available materials such as, for example, water, 
5 drilling gases, drilling mud or lubricants. In a preferred embodiment, the 
second fluidic material comprises a non-hardenable fluidic material such as, for 
example, water, drilling mud or lubricant. 

The second fluidic material may be pmnped into the apparatus 2300 at 
operating pressures and flow rates ranging, for eirample, from about 0 to 4,600 
10 psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material is pumped into the apparatus 2300 at operating presstures and 
flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in 
order to optimally provide operational efficiency. 

The pressurization of the pressure chamber 2475 causes the upper 
15 sealing head 2335, outer sealing mandrel 2350, and expansion cone 2355 to 
move in an axial direction. The pressurization of ihe pressiure chamber 2475 
also causes the hydraulic slips 2325 to expand in the radial direction and hold 
the casing 2375 in a substantially stationary position. Furthermore, as the 
mansion cone 2355 moves in the axial direction, the expansion cone 2355 pulls 
20 the mandrel laimcher 2480 and drag blocks 2370 along, which sets the 
mechanical slips 2365 and stops further axial movement of the mandrel 
launcher 2480 and casing 2375. In this manner, the axial movement of the 
expansion cone 2355 radially expands the mandrel launcher 2480 and casing 
2375. 

25 Once the upper sealing head 2335, outer sealing mandrel 2350, and 

eqpansion cone 2355 complete an axial stroke, the operating pressure of the 
second fluidic material is reduced. The reduction in the operating pressure of 
the second fluidic matmal releases the hydraulic slips 2325. The drill string 
2305 is then raised. This causes the inner sealing mandr^ 2330, lower sealing 

30 head 2340, load mandrel 2345, and mechanical slip body 2360 to move upward. 
This unsets the mechanical slips 2365 and permits the mechanical slips 2365 
and drag blocks 2370 to be moved within the mandr^ launch^ 2480 and casing 
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2875. When the lower sealing head 2340 contacts the upper sealing head 2335, 
the second fluidic material is again pressurized and the radial expansion process 
continues. In this manner, the mandrel launcher 2480 and casing 2375 are 
radial esipanded throu^ repeated axial strokes of the upper sealing head 2335» 
5 outer sealing mandrel 2350 and expansion cone 2355, Throughput the radial 
expansion process, the upper end of the casing 2375 is preferably maintained in 
an overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 
2875 is espanded into intimate contact with the inside surface of the lower end 

10 of the existing wellbore casing. In a preferred embodimrat^ the sealing 
members provided at the upper end of the casing 2375 provide a fluidic seal 
between the outside surface of the upper end of the casing 2375 and the inside 
smrface of the lower end of the existing wellbore casing. In a preferred 
embodiment^ the contact pressure between the casing 2375 and the existing 

15 section of wellbore casing ranges from about 400 to 10,000 psi in order to 
optimally provide contact pressure, activate the sealing members, and 
withstand typical tensile and compressive loading conditions. 

In a preferred embodiment, as the expansion cone 2355 nears the upper 
end of the casing 2375, the operating pressure of the second fluidic material is 

20 reduced in order to minimize shock to the ^paratus 2300. In an alternative 
embodiment, the apparatus 2300 includes a shock absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2375. 

In a preferred embodiment, the reduced operating pressiire of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2355 

25 nears the end of the casing 2375 in order to optimal^ provide reduced axial 
movement and velocity of the expansion cone 2355. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 2300 to the range of about 0 to 500 psi in order 
minimize the resistance to the moveiment of the expansion cone 2355 during the 

30 return stroke. In a preferred embodiment, the stroke length of the apparatus 
2300 ranges from about 10 to 45 feet in order to optimally provide eqviipment 
that can be handled by typical oil well rigging equipment and minimize the 
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firequency at which the expansion cone 2355 must be stopped to pemit the 
apparatus 2300 to be re-stroked 

In an alternative embodiment, at least a portion of the upper sealing 
head 2335 includes an expansion cone for radially expanding the mandrel 
5 latmcher 2480 and casing 2375 during operation of the apparatus 2300 in order 
to inorease the surface area of the casing 2375 acted upon during the radial 
expansion process. In this manner, the operating pressures can be reduced. 

In an alternative embodimCTt, mechanical slips 2365 are positioned in an 
axial location between Ihe sealing sleeve 2315 and the iimer sealing mandrel 
10 2330 in order to optimally the constraction and operation of the apparatus 
2300, 

Upon the complete radial expansion of the casing 2375, if appKcable, the 
first fluidic material is permitted to cure within the annidar region between the 
outside of the expanded casing 2375 and the intraior walls of the wellbore. In 

15 the case where the casing 2375 is slotted, the cured fluidic material preferably 
permeates and envelops the expanded casing 2375. In this manner, a new 
section of wellbore casing is formed within a wellbore. Alternatively, the 
apparatus 2300 may be used to join a fitrst section of pipeline to an existing 
section of pipeline. Alternatively, the apparatus 2300 may be used to directiy 

20 line the interior of a wellbore with a casing, without the use of an outer annular 
layer of a hardenable material. Alternatively, the apparatus 2300 may be used 
to expand a tubular support member in a hole. 

During the radial expansion process, the pressurized areas of the 
apparatus 2300 are limited to tiie fluid passages 2380, 2885, 2390, 2395, 2400, 

25 2405, and 2410, and the pressure chaniber 2475. No fluid pressure acts directly 
on the mandrel launcher 2480 and casing 2375. This pennits the use of 
operating pressures hi^er than the mandrel launcher 2480 and casing 2375 
could normally withstand. 

Referring now to Figure 18, a preferred embodiment of an apparatus 

30 2500 for forming a mono-diameter wellbore casing will be described. The 
apparatus 2500 preferably mdudes a drillpipe 2505, an innerstring adapter 
2510, a sealmg sleeve 2515, a hydrauUc sUp bo^ 2520, hydrauUc sUps 2525, an 
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inner sealing mandrel 2530, upper sealing head 2535, lower sealing head 2540, 
outer sealing mandrel 2545, load notandrel 2550, expansion cone 2555, casing 
2560, and fluid passages 2565, 2570, 2575, 2580, 2585, 2590, 2595, and 2600. 
The dnllpipe 2505 is coupled to the iimerstring adapter 2510. During 
5 operation of the apparatus 2500, the drillpipe 2505 supports die apparatus 
2500. The dnllpipe 2505 preferably comprises a substantially hollow tubidar 
member or members. The drillpipe 2505 may be fabricated from any nimiber of 
conventional conunercially available materials such as, for example, oilfield 
countiy tubular goods, low alloy steel, carbon steel, stainless steel or other 

10 similar high strength matmals. In a preferred embodiment, the drillpipe 2505 
is fabricated from coiled tubing in order to fadliate the placement of the 
apparatus 2500 in non-voidcal wellbores. The drillpipe 2505 may be coupled to 
the innerstring adapter 2510 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, 

15 oilfield coimtry tubular goods specially threaded connection, or a standard 
threaded connection. In a preferred embodiment, the drillpipe 2505 is 
removably coupled to the innmtring adapter 2510 hy a drillpipe connection, a 
drillpipe cozmection provides the advantages of high strengtii and easy 
. disassembly. 

20 The drillpipe 2505 preferably includes a fluid passage 2565 that is 

adapted to conyey fluidic materials from a surface location into the fluid 
passage 2570. In a preferred embodiment, the fluid passage 2565 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
mud, or lubricants at operating pressures and flow rates ranging firom about 0 

25 to 9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 2510 is coupled to the drill string 2505 and the 
sealing sleeve 2515. The innerstring adapter 2510 p^ferab^ comprises a 
substantially hollow tubular member or members. The innerstring adapter 
2510 may be fabricated from any number of conventional commercially 

30 available materials sudi as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodimenti the innerstring adapter 2510 is fabricated from 
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stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces* 

The innerstring adapter 2510 may be coupled to the driU string 2505 
using any number of conventional commercially available mechanical coupUngs 
5 such as, for example, driUpipe connection, oilfield coimtry tubular goods 
specially type threaded connection, or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2510 is removably coupled to 
the drill pipe 2505 by a drillpipe connection. The innerstring adapter 2510 may 
be coupled to the sealing sleeve 2515 using any number of conventional 

10 commercially available mechanical couplings such as, for example, driUpipe 
connection, oilfield country tubular goods specialty type threaded connection, 
ratchetrlatch type threaded comiection or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2510 is removably coupled to 
the sealing sleeve 2515 by a standard threaded connection. 

15 The innerstring adapter 2510 preferably includes a fluid passage 2570 

that is adapted to convey fluidic materials from the fluid passage 2565 into the 
fluid passage 2575. In a preferred embodiment, the fluid passage 2570 is 
adapted to convey fluidic materials such as, for example, cement, epo3^, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 

20 about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 2515 is coupled to the innerstring adapter 2510 and 
the hydraulic slip bo^ 2520. The sealing sleeve 2515 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 2515 may 
be fabricated from any nxuxiber of conventional commercially available 

25 materials such as, for example, oilfield cotmtry tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar hi^ strength materials. In a 
preferred embodiment, the sealing sleeve 2515 is fabricated firom stainless steel 
in order to optimally provide high strength, corrosion resistance^ and low- 
friction surfaces. 

30 The sealing sleeve 2515 may be coupled to the innerstring adapter 2510 

using any number of conventional commerdaUy available mechanical couplings 
such as, for example, drillpipe connections, oilfield country tubular goods 
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specially type threaded connection, ratchet-iatch type threaded connedaon, or a 
standard threaded connection. In a preferred embodiment, the sealing sleeve 
2515 is removably coupled to the innerstring adapter 2510 by a standard 
threaded connection. The sealing sleeve 2515 may be coupled to the hydraulic 
5 slip body 2520 using any number of conventional commercially available 

mechanical couplings such as, for example, driUpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. Iij a preferred embodiment, the 
sealing sleeve 2515 is removably coupled to the hydraulic slip bo^ 2520 by a 

10 standard threaded connection. 

The sealing sleeve 2515 preferably includes a fluid passage 2575 that is 
adapted to convey fluidic materials &om the fluid passage 2570 into the fluid 
passage 2580. In a preferred embodiment, the fluid passage 2575 is adapted to 
convey fluidic materials such as, for example, cement, epoxy^ water, drilling 

15 mud or lubricants at operatmg pressiures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

The hydraulic sUp body 2520 is coupled to the sealing sleeve 2515, the 
hydraulic slips 2525, and the inner sealing mandrel 2530. The hydraulic slip 
bodiy 2520 preferably comprises a substantial^ hollow tubular member or 

20 members. The hydraulic slip body 2520 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
coimtry tubular goods, low alloy steel, carbon steel, stainless steel or other 
simflar high strength matmals. In a preferred embodiment, the hydrauUc slip 
bo4y 2520 is fabricated from carbon steel in order to optimaUy provide high 

25 strength. 

The hydraulic slip body 2520 may be coupled to the sealing sleeve 2515 
using any number of conventional commerciaUy avaflable mechanical couplings 
such as, for sample, diillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded coxmection or a 
30 standard threaded connection. In a preferred embodiment, the hydraulic slip 
body 2520 is removably coupled to the sealing sleeve 2515 by a standard 
threaded connection. The hydraulic sUp bo^ 2520 mscy be coupled to the slips 

- 151 - 



25791.23.02 



2525 using any number of conventional commercially available mechanical 
couplings such as, for example, threaded connection or welding. In a preferred 
embodiment, the hydratdic slip body 2520 is removably coupled to the slips 
2525 by a threaded connection. The hydraulic slip body 2520 may be coupled to 
5 the inner sealing mandrel 2530 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specially type threaded connection, welding, 
amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2520 is removablty coupled to the inner 

10 sealing mandrel 2530 by a standard threaded connection. 

The hydraulic slips body 2520 preferably includes a fluid passage 2580 
that is adapted to convey fluidic materials from the fluid passage 2575 into the 
fluid passage 2590. In a preferred embodiment, the fltdd passage 2580 is 
ads^ted to convey fluidic materials such as, for escample, cement, epo^, water, 

15 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The hydraulic slips body 2520 preferably includes fluid passages 2585 
that are adapted to convey fluidic materials from the flidd passage 2580 into the 
pressure chambers of the hydraulic slips 2525. In this manner, the slips 2525 

20 are activated upon the presstirization of the fluid passage 2580 into contact 
with the inside surface of the casing 2560. In a preferred embodiment, the fluid 
passages 2585 are adapted to convey fluidic materials such as, for example, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons^ninute. 

25 The slips 2525 are coupled to the outside surface of the hydraulic slip 

bo(fy 2520. During operation of the apparatus 2500, the slips 2525 are activated 
upon the pressurization of the fluid passage 2580 into contact with the inside 
surface of the casing 2560. In this manner, the slips 2525 maintain the casing 
2560 in a substantial^ stationary position. 

30 The slips 2525 prefirarably indude the fluid passages 2585, the pressure 

chambers 2605, spring bias 2610, and slip members 2615. The slips 2525 may 
comprise any number of conventional commercially available hydraulic slips 
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such as» for example, RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. In a preferred mnbodiment, the 
slips 2525 comprise RTTS packer tungsten carbide hydraulic slips available 
from Halliburton Energy Services in order to optimally provide resistance to 
5 axial movement of the casing 2560 dtuing the expansion process. 

The inner sealing mandrel 2530 is coupled to the hydraulic slip body 
2520 and the lower sealing head 2540. The inner sealing mandrel 2530 
preferablycomprisesasubstantiaUyhoUow tubular member or members The 
inner sealing mandrel 25S0*may be fabricated from any number of conventional 

10 commercial^ available materials such as, for example, oilfield country tubtdar 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the inner sealing mandrel 2530 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

15 The inner sealing mandrel 2530 may be coupled to the hydrauhc slip 

bod3r 2520 using any ntimba: of conventional commercially available mechanical 
couplings such as, for example, drillpipe coxmection, oilfield country tubtdar 
goods specially type threaded connection, welding, amorphous bonding, or a 
standard Ihreaded connection. In a preferred embodiment, the inner sealing 

20 mandrel 2530 is removably coupled to the hydraulic slip body 2520 by a 

standard threaded connection. The inner sealing mandrel 2530 may be coupled 
to the lower sealing head 2540 iising any number of conventional commercially 
available medianical couplings such as, for example, oilfield country tubular 
goods spedalty type threaded connection, drillpipe connection, welding, 

25 amorphoiis bondiiig, a standard threaded connection* In a preferred 

embodiment, the inner sealing mandrd 2530 is removably coupled to the lower 
sealing head 2540 fay a standard threaded connection. 

The inner sealing mandrel 2530 preferably includes a fluid passage 2590 
that is adapted to convey fluidic materials from the fluid passage 2580 into the 

30 fluid passage 2600. In a preferred embodiment, the fltdd passage 2590 is 

adapted to convey fluidic mat^als such as, for example, cement, epoay, vimter. 
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driDing mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3»000 gallons/minute. 

The upper sealing head 2535 is coupled to the outer sealing mandrel 
2545 and expansion cone 2556. The upper sealing head 2536 is also movably 
5 coupled to the outer surface of the inner sealing mandrel 2530 and the inner 
surface of the casing 2560. In this maimer, the upper sealing head 2535 
reciprocates in the axial direction. The radial clearance between the inner 
cylindrical surface of the upper sealing bead 2535 and the outer surface of the 
inner sealing mandrel 2530 may range, for example, from about 0.0025 to 0«05 

10 inches. In a preferred embodiment, the radial clearance between the inner 
cylindrical siuf ace of the upp^ sealing head 2535 and the outer surface of the 
inner sealing mandrel 2530 ranges from about 0.005 to 0.01 inches in order to 
optimally provide miTHTnal radial clearance. The radial clearance between the 
outer cylindrical surface of the upper sealing head 2535 and the inner surface of 

15 the casing 2560 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer cylindrical 
surface of the upper sealing head 2535 and the inner surfiEU» of the casing 2560 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 2535 during the expansion process. 

20 The upper sealing head 2535 prefwably comprises an annular member 

having substantially cylindrical inner and outer surfaces. The upper sealing 
head 2535 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, ow aUoy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 

25 preferred embodunent^ the upper sealing head 2535 is fabricated from stainless 
steel in order to optimally provide hi^ strength, corrosion resistance, and low 
friction surfaces. The inner surface of the upper sealing head 2535 preferably 
includes one or more <*nnii1flr sealing members 2620 for sealing the interface 
between the upper sealing head 2535 and the inner sealing mandrel 2530. The 

30 sealing members 2620 may comprise any number of conventional a>mmercially 
available flnnnlflr sealing members such as, for example, o-rings, polypak seals, 
or metal spring energized seals. In a prrferred embodiment, the sealing 
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members 2620 comprise polypak seals available firoin Parker Seals in order to 
optima% provide sealmg for a long aadal stroke. 

In a preferred embodiment, the upper sealing head 2535 includes a 
shoulder 2625 for supporting the upper sealing head 2535, outer sealing 
5 mandrel 2545, and expansion cone 2555 on the lower sealing head 2540. 
The upper sealing head 2535 may be coupled to the outer sealing 
mandrel 2546 using any number of conventional commercially available 
mechanical couplings such as» for example, oilfield country tubular goods 
spedaliy threaded connection, pipeline connection, welding, amorphous 

10 bonding, or a standard threaded connection. In a preferred embodiment^ the 
upper sealing head 2535 is removably coupled to the out^ sealing mandrel 2545 
by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the upper sealing head 2535 and the outer sealing 
mandrel 2545 includes one or more sealing members 2630 for fluididy sealing 

15 the interface between the upper sealing head 2535 and the outer sealing 
mandrel 2545. The sealing members 2630 may comprise any number of 
conventional commercially available sealing members such as, for example, o- 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2630 comprise polypak seals available firom 

20 Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 is coupled to the inner sealing mandrel 2530 
and the load mandrel 2550. The lower sealing head 2540 is also movably 
coupled to the izmer sioiace of the outer sealing mandrel 2545. In this manner, 
the upper sealing head 2535, outer sealing mandrel 2545, and e]q>ansion cone 

25 2555 reciprocate in the axial direction. 

The radial clearance between the outar surface of the lower sealing head 
2540 and the inner surface of the outer sealing mandrel 2545 msQT range, for 
example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the lower sealing head 2540 and 

30 the inner surface of the outer sealing mandrel 2545 ranges from about 0.005 to 
0.01 inches in order to optimally provide minimAl radial clearance. 
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The lower sealing head 2540 preferably comprises an annular member 
having substantiaUy (^lindrical inner and outer sur£^ The lower sealing 
head 2540 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield coimtry tubular goods, lovy^ 
5 alloy steel, carbon steel, stainless steel or other sinular high strength materials. 
In a preferred embodiment, the lower sealing head 2540 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The outer smiace of the lower sealing head 2540 
preferably includes one or more annular sealing members 2635 for sealing the 

10 interface between the lower sealing head 2540 and the outer sealing mandrel 
2545. The sealing members 2635 may comprise any number of conventional 
commercially available annular sealing members such as, for example, o-rings, 
polypak seals, or metal spring energized seals. In a preferred embodiment, the 
sealing members 2635 comprise polj^ak seals available from Parker Seals in 

15 order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the inner sealing mandrel 
2530 using any ntunber of conventional commercially available mechanical 
couplings such as, for example, driUpipe coimections, oilfield country tubular 
goods specially threaded connection, or a standard threaded connection. In a 

20 preferred embodiment^ the lower sealing head 2540 is removably coupled to the 
inner seaUng mandrel 2530 by a standard threaded connection. In a preferred 
embodiment, the mechanical coupling between the lower sealing head 2540 and 
the inner sealing mandrel 2530 includes one or more sealing members 2640 for 
fluididhsr sealing the interface between the lower sealing head 2540 and the 

25 inner sealing mandrel 2530. The sealing members 2640 may comprise any 
ntmiber of conventional commercially available sealing members such as, for 
example, o-rings, polypak seals or metal spring enagized seals. In a preferred 
OTibodiment, the sealing members 2640 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

30 The lower sealing head 2540 may be coupled to the load mandrel 2550 

using any number of conventional conm^erdally available mechanical couplings 
such as, for example, driUpipe connection, oilfield coimtry tubular goods 
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specialfy type threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 2540 
is removably coupled to the load mandrel 2550 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
5 lower sealing head 2540 and the load mandrel 2550 includes one or more 
sealing members 2645 for fluididy sealing ihe interface between the lower 
sealing head 2540 and the load mandrel 2550. The sealing menibers 2645 may 
comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
10 preferred embodiment^ the seating members 2645 comprise polypak seals 

available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

In a preferred embodiment, the lower sealing head 2540 includes a throat 
passage 2650 fluididy coupled betwe^ the fluid passages 2590 and 2600. The 

15 throat passage 2650 is preferably of reduced size and is adapted to receive and 
engage with a plug 2655, or oih^ similar device. In this manner, the fluid 
passage 2590 is fluididy isolated from the fluid passage 2600. In this manner, 
the pressure chamber 2660 is pressurized. 

The outer sealing mandrel 2545 is coupled to the upper sealing head 

20 2535 and the expansion cone 2555. The outer sealing mandrel 2545 is also 

movably coupled to the inner surface of the casing 2560 and the outer surface of 
the lower sealing head 2540. In this manner, the upper sealing head 2535, 
outer sealing mandrel 2545, and the expansion cone 2555 redprocate in the 
axial direction. The radial dearance between the outer surface of the outer 

25 sealing numdrd 2545 and the inn^stirface of the casing 2560 niay range, f^ 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial dearance between the outer surface of the outer sealing mandr d 2545 
and the inner surface of the casing 2560 ranges from about 0.025 to 0.125 
inches in ord^ to optimally provide stabilization for the expansion cone 2535 

30 dming &e expansion process. The radial clearance between tiie inner surface 
of the outer sealing mandrd 2545 and the outer siuiace of the lower sealing 
head 2540 may range, for esample, from about 0.005 to 0.01 inches. In a 
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preferred embodiment, the radial dearance between tiie inner surfiBce of the 
outer sealing mandrd 2545 and the outer surface of the lower sealing head 2540 
ranges from about 0.005 to 0.01 inches in order to optimaUy provide minimal 
radial clearance. 

5 The outer sealing mandrel 2545 preferably comprise an annular 

member having substantially cylindrical mn» and outer surfaces. The outer 
sealing mandrel 2545 may be fiBbricated from any number of conventional 
commercially avaihd)le materials such as, for examjie, oilfidd country tubular 
goods, low alloy steel, carbon steel, stamless sted or other sunilar hi|^ strength 

10 materials. In a preferred embodiment, the outer sealing mandrel 2545 is 
fabricated from stainless steel in order to optimally provide hi|^ strength, 
corrosion resistance, and low friction surfaces. 

The outer sealing mandrel 2546 may be coupled to the upper sealing 
head 2535 using any number of conventional conunerdally available mechanical 

15 couplings such as, for example, drillpipe connection, oilfidd country tubular 
goods spedaliy type threaded connection, wdding, amorphous bonding, or a 
standard threaded connection. In a preferred embodunent, the outer sealing 
mandrd 2545 is removably coupled to the upper sealing head 2586 by a 
standard threaded connection. The outer sealing mandrd 2545 may be coupled 

20 to the expansion cone 2555 using any number of conventional commardally 
available mechanical couplings such as, for example, drillpipe connection, 
oilfidd country tubular goods spedalty type threaded connection, wdding, 
amorphous bonding, or a standard threaded coimection. In a preferred 
embodiment, the outer sealing mandrd 2545 is removably coupled to the 

25 expansion cone 2555 by a standard threaded connection. 

The upper seaUng head 2585, the lower sealing head 2540, the innor 
sealing mandrel 2530, and the outer sealing mandrd 2545 together define a 
pressure chamber 2660. The pressure chamber 2660 is fluididy coupled to the 
passage 2590 via one or more passages 2595. During operation of the apparatus 

30 2500, the plug 2655 engages witii the throat passage 2660 to fluidicty isolate the 
fluid passage 2590 from tiie fluid passage 2600. The pressure chamber 2660 is 
then pressurized which in turn causes ttie upper sealing head 2536, outer 
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sealing mandrel 2545, and expansion cone 2555 to reciprocate in the axial 
direction. The axial motion of tiie expansion cone 2555 in turn expands the 
casing 2560 in the radial direction. 

The load mandrel 2550 is couple to the lower sealing head 2540. The 
5 load mandrel 2550 preferably comprises an annular member having 

substantially cylindrical inner and outer surfaces. The load mandrel 2550 may 
be fabricated firom any number of conventional commercially available 
materials such as, for example, oilfield coimtty tubular goods, low alloy steel, 
carbon steel, stainless ste^ or other similar hi^ strength mat^als. In a 
10 preferred embodiment^ the load mandrel 2550 is fabricated from stainless steel 
in order to optimally provide hi^ strength, corrosion resistance, and low 
friction stirfaces. 

The load mandrel 2550 may be coupled to the lower sealing head 2540 
using any nmnber of conventional commercially available mechanical couplings 

15 such as, for example, oilfield country tubular goods, driUpipe connection, 

welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2550 is removably coupled to the lower sealing 
head 2540 by a standard threaded connection. 

The load mandrel 2550 prrferably includes a fluid passage 2600 that is 

20 adapted to convey fluidic materials from the fluid passage 2590 to the region 
outside of the apparatus 2500. In a preferred embodiment, the fluid passage 
2600 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging, 
for example, from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

25 The expansion cone 2555 is coupled to the outer sealing mandrel 2545. 

The expansion cone 2555 is also movably coupled to the inner surface of the 
casing 2560. In this manner, the upper sealing head 2535, outer sealing 
mandrel 2545, and the expansion cone 2555 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2555 causes the casing 2560 to expand 

30 in the radial direction. 

The eqransion cone 2555 preferably comprises an annidar member 
having substantial^ cylindrical inner and conical outer sur£eices. The outside 
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radius of the outside conical surface may range, for example, from about 2 to 34 
indies. In a preferred embodiment, the outside radius of the outside conical 
sxirface ranges from about 3 to 28 in order to optimally provide radial expansion 
for the widest variety of tubular casings. The axial length of \he expansion cone 
5 2556 may range, for example, from about 2 to 8 times the largest outside 
diameter of the e^ansion cone 2535. In a preferred embodiment, the axial 
length of the expansion cone 2635 ranges from about 3 to 5 times the largest 
outside diameter of the expansion cone 2535 in order to optimally provide 
stabilization and centralization of the expansion cone 2535 during the 

10 expansion process. In a particular^ preferred anbodiment, the maximum 
outside diameter of the expansion cone 2555 is between about 96 to 99 % of the 
inside diameter of the sdstmg wellbore that the casing 2560 will be joined with. 
In a preferred embodiment, the an^e of attack of the expansion cone 2555 
ranges from about 5 to 30 degrees in order to optimally balance frictional forces 

15 and radial expansion forces. Theoptimumangieofatta<i of the expansion cone 
2535 will vary as a frmction of the particular operational features of the 
expansion operation. 

The expansion cone 2555 may be fabricated from any number of 
convrational conunerdally available materials such as, for example, machine 

20 tool steel, nitride steel, titanium, tungsten carbide, ceramics or other similar 
hi^ strength materials. In a preferred embodiment, the expansion cone 2555 
is fabricated from D2 machine tool steel in order to optimally provide hi^ 
strength, and resistance to vsrear and galling. In a particularly preferred 
embodimoit, the outside surfoce of the expansion cone 2555 has a surface 

25 hardness ranging bom about 58 to 62 Rockwell C in order to optimally provide 
hi^ strength and wear resistance. 

The expansion cone 2555 nuy be coupled to the outside sealing mandrel 
2545 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield countiy tubular 

30 goods specially threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the expansion cone 2556 is 
coupled to the outside sealing mandrel 2645 using a standard threaded 

-160- 



25791^3.02 



connectioii in order to optimal^ provide high strength and easy replacement of 
the expansion cone 2555. 

The casing 2560 is removably coupled to the slips 2525 and expansion 
cone 2565. The casing 2560 preferably comprises a tubular member. The 
5 casing 25(50 may be fabricated from any number of conventional commercially 
available materials such as, for example, slotted tubulars, oilfield country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar hi^ 
strength materials. In a preferred embodiment^ the casing 2560 is fabricated 
from oilfield countiy tubular goods available from various foreign and domestic 
10 steel mills in prder to optimally provide high strength using standardized 
materials. 

In a preferred embodiment, the upper end 2665 of the casing 2560 
includes a thin wall section 2670 and an outer annular sealing member 2675* 
In a preferred embodiment, the wall thickn&^s of the thin wall section 2670 is 

15 about 50 to 100 % of the regular wall thickness of the casing 2560. In this 
manner, the upper end 2665 of the casing 2560 may be easily radially expanded 
and deformed into intimate contact with the lower end of an existing section of 
wellbore casing. In a prefmred ^nbodiment^ the lower end of the existing 
section of casing also includes a thin wall section. In this manner, the radial 

20 expansion of the thin walled section 2670 of casing 2560 into the thin walled 
section of the existing wellbore casing results in a wellbore casing having a 
substantially constant inside diameter. 

The sealing member 2675 may be fabricated firom any number of 

conventional oommerdally available sealing materials such as, for example, 

25 epoxy, rubber, metal, or plastic In a preferred embodiment^ the annular 
sealing m^nber 2675 is fabricated from StrataLock eposy in order to optimally 
providecomjiressibility and resistance to wear. The outside diameter of the 
nn milar sealing member 2675 preferably ranges frt>in about 70 to 95 % of the 
inside diameter of the lower section of the wellbore casing tiiat the casing 2560 

30 is joined to. In this manner, after radial expansion, the annular sealing member 
2670 optimal^ provides afluidic seal and also preferably optimally provides 
sufficient fiictional force with tiie inside surface of ^e existing section of 
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weUbore casing during the radial expansion of the casing 2560 to support the 
casing 2560. 

In a preferred embodiment, the lower end 2680 of the casing 2560 
includes a thin wall section 2685 and an outer annular sealing member 2690* 
5 In a preferred embodiment, the wall thickness of the thin wall section 2685 is 
about 50 to 100 % of the regular wall thickness of the casing 2560. In this 
manner, the lower end 2680 of the casing 2560 may be easily expanded and 
deformed. Furthermore, in this manner, an otiier section of casing may be 
easily joined with the lower end 2680 of the casing 2560 using a radial 

10 expansion process. Inapreferredembodiment, the upper rad of the other 
section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section of the upper end of the other casing into 
the tiiin walled section 2685 of the lower end 2680 of the casing 2560 results ia 
a wellbore casing having a substantially constant inside diameter. 

15 The annular sealing member 2690 may be fabricated from any number of 

conventional commercially available sealing materials such as, for example, 
rubber, metal, plastic or epoxy. In a preferred embodiment, the annular sealing 
member 2690 is fabricated from StrataLock epoxy in order to optimally provide 
compressibility and resistance to wear. The outside diameter of the annular 

20 sealing member 2690 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the existing wellbore casing that the casing 
2560 is joined to. In this manner, after radial expansion, the anntdar seahng 
member 2690 preferably provides a flmdic seal and also preferably provides 
sufficient frictional force with the inside wall of the wellbore during tixe radial 

25 expansion of the casing 2560 to support the casing 2560. 

During operation, the apparatus 2500 is prefasbly positioned in a 
wellbore with the upper ^d 2665 of the casing 2560 positioned in an 
overlapping relationship with the lower end of an existing wellbore casing. In a 
particularly preferred embodiment, the thin wall section 2670 of the casing 

30 2560 is positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the lower end of tlie existing section of 
wellbore casing. In this manner, the radial expansion of the casing 2560 will 
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compress the thin waQ sections and annular compressible members of the upper 
end 2665 of the casing 2560 and the lower end of the existing weDbore casing 
into intimate contact. During the positioning of the apparatus 2500 in the 
wellbore, the casing 2560 is supported by the expansion cone 2555. 
5 After positioning of the apparatus 2500, a first fluidic material is then 

pimiped into the fluid passage 2565. The first fluidic material may comprise 
any number of conventional commercially available materials sudi as, for 
example, cement, water, slag-mix, epoxy or drilling mud In a preferred 
embodiment, the first fluidic material comprises a hardenable fluidic sealiag 

10 material such as, for example, cement, epoxy, or slag-mix in order to optimaDy 
provide a hardenable outer annular body around the expanded casing 2560. 

The first fluidic material may be pumped into the fluid passage 2565 at 
operating pressures and flow rates ranging, for example, firom about 0 to 4,500 
psi and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 

15 material is pumped into the fluid passage 2565 at operating pressures and flow 
rates ranging firom about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order 
to optimally provide operational efficiency. 

The first fluidic material pumped into the fluid passage 2565 passes 
through the fluid passages 2570, 2575, 2580, 2590, 2600 and then outside of the 

20 apparatus 2500. The first fluidic material then preferably fills the annular 
region between the outside of the apparatus 2500 and the intmor walls of the 
wellbore. 

The plug 2655 is then introduced into the fluid passage 2565. The plug 
2655 lodges in the throat passage 2650 and fluididy isolates and blocks ofT the 

25 fluid passage 2590. In a preferred embodiment, a couple of volumes of a non- 
hardenable fluidic material are then pumped into the fluid passage 2565 in 
order to remove any hardenable fluidic material contained within and to ensure 
that none of tiie fluid passages are blocked. 

A second fluidic material is ihen pumped into the fluid passage 2565. 

30 The second fluidic material may comprise any number of conventional 
commercially available materials such as, for example, water, drilling gases, 
drilling mud or lubricant. In a preferred embodiment, the second fluidic 
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material comprises a non-hardenable fluidic material such as, for example, 
water, drilling mud, or lubricant in order to optimally provide pressurization of 
the pressure chamber 2660 and minimize friction. 

The second fluidic material may be pimiped into the fluid passage 2565 at 
5 operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material is pumped into the fluid passage 2565 at operating pressures 
and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute 
in order to optimally provide op^ational efficiency. 

10 The second fiiddic material pumped into the fluid passage 2565 passes 

through the fluid passages 2570, 2575, 2580, 2590 and into the pressure 
chambers 2605 of the slips 2525, and into the pressure chamber 2660. 
Continued ptunping of the second fluidic material pressurizes the pressure 
chambers 2605 and 2660. 

15 The pressurization of the pressure chambers 2605 causes the shp 

members 2525 to expand in the radial direction and grip the interior surface of 
the casing 2560. The casing 2560 is then preferably maintained in a 
substantially stationary position. 

The pressurization of the pressure chamba 2660 causes the upper 

20 sealing head 2535, outer sealing mandrel 2545 and expansion cone 2555 to 
move in an axial direction relative to the casing 2560. In this manner, the 
expansion cone 2555 will cause the casing 2560 to expand in the radial 
direction, beginning with the lower end 2685 of the casing 2560. 

During the radial expansion process, the casing 2560 is prevented from 

25 moving in an upward direction by die slips 2525. A length of the casing 2560 is 
thCTi expanded in the radial direction through the pressurization of the pressure 
chamber 2660. The length of the casing 2560 that is expanded during the 
expansion process will be proportional to the stroke length of the upper seahng 
head 2535, outer sealing mandrel 2545, and expansion cone 2555. 

30 Upon the completion of a stroke, the ojmrating pressure of the second 

fluidic material is reduced and ihe upper sealing head 2535, outer sealing 
mandrel 2545, and expansion cone 2555 drop to their rest positions with the 
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casing 2560 supported by the esqiansion cone 2555. The position of the drillpipe 
2505 is preferably ai^usted throughout the radial expansion process in order to 
y naintflin the Overlapping relationship between the thin walled sections of the 
lower end of the existing wellbore casing and the upper end of the casing 2560. 
5 In a preferred embodiment, the stroking of the expansion cone 2555 is then 
repeated, as necessary, imtil the thin walled section 2670 of the upper end 2665 
of the casing 2560 is expanded into the thin walled section of the lower end of 
the existing wellbore casing. In this manner, a wellbore casing is formed 
including two adjacent sections of casing having a substantialliy constant inside 

10 diameter. Thisproc^maythenberepeatedfortheentirety of the wellbore to 
provide a wellbore casing thousands of feet in Iragth having a substantially 
constant inside diameter. 

In a preferred embodiment^ during the final stroke of the expansion cone 
2555, the slips 2525 are positioned as dose as possible to the thin walled section 

15 2670 of the upper end 2665 of the casing 2560 in order minimize sUppage 
between the casing 2560 and the existing wellbore casing at the end of the 
radial expansion process. Alternatively, or in addition, the outside diameter of 
the annular sealing member 2675 is selected to ensure sufficient interference fit 
with the inside diameter of the lower end of the existing casing to prevent axial 

20 displacCTient of the casing 2560 during the final stroke. Alternatively, or in 
addition, the outside diameter of the annular sealing member 2690 is selected 
to provide an interference fit with the inside walls of the wellbore at an earlier 
point in the radial expansion process so as to prevent further axial displacement 
of the casing 2560. In tius final alternative, the interference fit is preferably 

25 selected to permit e9q)ansion of the casing 2560 l>y pulling the expansion cone 
2555 out of the wellbore, without having to pressurize the pressure chamber 
2660. 

During the radial expansion process, the pressturized areas of the 
apparatus 2500 are pref^arably limited to the fluid parages 2565, 2570, 2575, 
30 2580, and 2590, the pressure chambers 2605 within the slips 2525, and the 
pressure chamber 2660. No fluid pressure acts directly on the casing 2560. 
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This permits the use of operating pressures hi^er than the camig 2660 could 
normally withstand. 

Once the casing 2560 has been completely expanded off of the expansion 
cone 2655, the remaining portions of the apparatus 2500 are removed from the 
5 wellbore. In a preferred embodiment, the contact pressure between the 
deformed thin wall sections and compressible annular members of the lower 
end of the existing casing and the upper end 2665 of the casing 2560 ranges 
from about 400 to 10,000 psi in order to optimally support the casing 2560 
using the existing wellbore casing. 

10 In this manner^ the casing 2560 is radially »panded into contact with an 

existing section of casing by pressurizing the interior fluid passages 2565, 2570, 
2575, 2580, and 2590, the pressure chambers of Hie slips 2605 and the pressure 
chamber 2660 of the apparatus 2500. 

In a preferred embodiment, as required, the annular body of hardenable 

15 fluidic material is then allowed to cure to form a rigid outer annular body about 
the expanded casing 2560. In the case where the casing 2560 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
2560. The resulting new section of wellbore casing includes the expanded 
casing 2560 and the rigid outer annular hody. The overlapping joint between 

20 the pre-existing Mrellbore casing and the expanded casing 2560 includes the 
deformed thin waU sections and the compressible outer annular bodies. The 
inner diameter of the resulting combined wellbore casings is substantially 
constant. In this manner, a mono-diameter wellbore casing is formed. This 
process of expanding overlapping tubular members having thin wall end 

25 portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono*diameter weUbore casing 
can be provided for thousands of feet in a subterranean formation. 

In a preferred embodiment, as the expansion cone 2555 nears the upper 
end 2665 of the casing 2560, the operating pressure of the second fluidic 

30 material is reduced in order to minimize shock to the apparatus 2500. In an 
alternative embodiment, the apparatus 2500 includes a shock absorber for 
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absorbing the shock cre&ted by the coinpletion of the radial expansion of the 
casing 2560. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2555 
5 nears the end of the casing 2560 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2555. In a preferred embodiment^ 
the operating pressure of the second fluidic material is reduced during the 
retmn stroke of the apparatus 2500 to tiie range of about 0 to 500 psi in order 
mimmize the resistance to the movem^t of the expansion cone 2555 during the 

10 return stroke. In a preferred embodiment^ the stroke length of the apparatus 
2500 ranges from about 10 to 45 feet in order to optimally provide equipments 
lengths that can be easily handled using typical oil well rigging equipment and 
also minimize the frequency at which apparatus 2500 must be re-stroked. 
In an alternative embodiment, at least a portion of the upper sealing 

15 head 2535 includes an expansion cone for radially expanding the casing 2560 
during operation of the apparatus 2500 in order to increase the surface area of 
the casing 2560 acted upon during the radial expansion process. In tiiis 
manner* the operating pressures can be reduced. 

Alternatively, the apparatus 2500 may be used to join a first section of 

20 pipeline to an existing section of pipeline. Alternatively, the apparatus 2500 
may be used to directly line the interior of a wellbore with a casing, without the 
use of an outer atinnlflr layer of a hardenable material. Alternatively, the 
apparatus 2500 may be used to expand a tubular support member in a hole. 
Rrfening now to Figures 19, 19a and 19b, another embodiment of an 

25 apparatus 2700 for expanding a tubular meniba wiU be described. The 
qiparatus 2700 prrferably indudes a drillpipe 2705, an innerstring ads^ter 
2710, a sealing sleeve 2715, a first inner sealing mandrel 2720, a first upper 
sealing head 2725, a first lower sealing head 2730, a first outer sealing mandrel 
2735, a second inner sealing mandrel 2740, a second upper sealing head 2745, a 

30 second lower sealing head 2750, a second outer sealing mandrel 2755, a load 
mandrel 2760, an expansion cone 2765, a mandrel laundiw 2770, a mechanical 
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slip bodty 2775, mechaoical slips 2780, drag blocks 2785, casing 2790, and fluid 
passages 2795, 2800, 2806, 2810, 2815, 2820, 2825, and 2830. 

The drfflpipe 2705 is coupled to the iimerstring adapter During 
operation of the apparatus 2700, the drillpipe 2705 supports the apparatus 
5 2700. The driUpipe 2705 preferably comprises a substantially hollow tubular 
member or members. The drillpipe 2705 may be fabricated firom any nimaber of 
conventional commercia]]^ available materials such as, for example, oilfield 
cotmtry tubular goods, low alloy steel, carbon steel, stainless steel, or other 
similar high strength materials. In a preferred embodiment, the drillpipe 2705 

10 is fabricated firom coiled tubing in order to facilitate the placemmt of the 

apparatus 2700 in non-vertical wellbores. The drillpipe 2705 may be coupled to 
the innerstring adapter 2710 using any numb^ of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty threaded connection, or a standard 

15 threaded connection. In a preferred embodiment, the drillpipe 2705 is 

removably coupled to the innwtring adapter 2710 by a drillpipe connection in 
order to optimally provide high strength and eai^ disassembly. 

The drillpipe 2705 preferably includes a fluid passage 2795 that is 
adapted to convey fluidic materials firom a surface location into the fluid 

20 passage 2800. In a preferred embodiment, the fluid passage 2795 is adapted to 
convey fluidic materials such as, for example, cement, epo^qr, water, drilling 
mud or lubricants at operating pressures and flow rates ranging firom about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

The innostring adapter 2710 is coupled to the drill string 2705 and the 

25 sealing sleeve 2715. The innerstring adapter 2710 preferably comprises a 
substantially hollow tubular member or members. The mnerstring adapter 
2710 may be fabricated firom any number of conventional commercialty 
available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar hi^ strength materials. 

30 In a preferred embodiment, the innerstring adapter 2710 is fabricated firom 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low fiiction surfaces. 
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The innerstring adapter 2710 may be coupled to the drill string 2705 
using any number of conventional commercially available mechanical couplings 
such as, for example^ drillpipe connection, oilfield countxy tabular goods 
specially threaded connection, or a standard threaded connection. In a 
6 preferred embodiment, the innerstring adapter 2710 is removably coupled to 
the driU pipe 2705 by a standard threaded connection in order to optimally 
provide high strength and easy disassembly. The innarstring adapter 2710 may 
be coupled to the sealing sleeve 2715 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 

10 connection, oilfield country tubidar goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2710 is removably coupled to 
the sealing sleeve 2715 by a standard threaded connection. 

The innerstring adapter 2710 preferably includes a fluid passage 2800 

15 that is adapted to convey fluidic materials firom the fluid passage 2795 into the 
fluid passage 2805, In a preferred embodiment, the fluid passage 2800 is 
adapted to conv^ fluidic materials such as, for example, cement, eposy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging firom 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

20 The sealing sleeve 2715 is coupled to the innerstring adapter 2710 and 

the first inner sealing mandrel 2720, The sealing sleeve 2715 preferably 
comprises a substantially hollow tubular member or members. The sealing 
sleeve 2715 may be fabricated firom any number of conventional commerdaUy 
available materials such as, for example, oilfield country tubular goods, low 

25 alloy steel, carbon steel, stainless steel or other similar hi^ strength materials. 
In a preferred embodiment^ the sealing sleeve 2715 is fabricated firom stainless 
steel in order to optimaUy provide high strength, corrosion resistance, and low 
fidction surfaces. 

The sealing sleeve 2715 may be coupled to the innerstring adapter 2710 
30 using any numb^ of conventional conunercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield cotmtry tubular goods 
specialty type threaded connection^ welding, amorphous bonding, or a standard 
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threaded connection. In a preferred embodiment^ the sealing sleeve 2715 is 
removably coupled to the innerstring adapter 2710 by a standard threaded 
connector. The sealing sleeve 2715 may be coupled to the first inner sealing 
mandrel 2720 using any number of conventional commercially available 
5 mechanical couplings such as, for example, drillpipe connection, oilfield cotmtry 
tubular goods specialty type threaded connection, welding, amorphous bonding 
or a standard threaded connection. In a pr^erred embodiment^ the sealing 
sleeve 2715 is removably coupled to the inner sealing mandrel 2720 by a 
standard threaded connection. 

10 The sealing sleeve 2715 preferably includes a fluid passage 2802 that is 

adapted to convey fliudic materials from the fluid passage 2800 into the fluid 
passage 2805. In a preferred embodiment, the fluid passage 2802 is adapted to 
convey fluidic materials such as, for example, cement, epo^, water, drilling 
mud or lubricants at operating pressures and flow rates ranging firom about 0 to 

15 9,000 psi and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 2720 is coupled to the sealing sleeve 2715 
and the first lower sealing head 2730. The first mner sealing mandrel 2720 
preferably comprises a substantially hollow tubular member or members. The 
first inner sealing mandrel 2720 may be fabricated from any number of 

20 conventional conmiercially available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the first inner 
sealing mandrel 2720 is fabricated firom stainless steel in order to optint&aUy 
provide high strength, corrosion resistance, and low firiction surfaces. 

25 The first inner sealing mandrel 2720 may be conpied to the sealing sleeve 

2715 using any number of conventional commerdaUty available mechanical 
couplings such as, for example, drillpipe connection oilfidd country tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the first inner 

30 sealing mandrel 2720 is removably coupled to the sealing sleeve 2715 by a 
standard threaded connection. The first inner sealing mandrel 2720 may be 
coupled to the first lower sealing head 2730 using any number of conventional 
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commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield countiy tubular goods specially type threaded connection, 
welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the first inner sealing mandrel 2720 is removably coupled to liie 
5 first lower sealing head 2730 by a standard threaded connection. 

The first inner seaUng mandrel 2720 preferably includes a fluid passage 
2805 that is adapted to convey fluidic materials firom the fluid passage 2802 into 
Uie fluid passage 2810. In a preferred embodiment, the fluid passage 2805 is 
adapted to convey fluidic materials such as, for example, cement, epozy, water, 

10 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallonsAninute. 

The first upper sealing head 2725 is coupled to the first outer sealing 
mandrel 2735, the second upper sealing head 2745, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The first upper sealing head 2725 

15 is also movably coupled to the outer surface of the first inner sealing mandrel 
2720 and the inner surface of the casing 2790. In this manner, the first upper 
sealing head 2725 reciprocates in the axial direction. The radial clearance 
between the inner cylindrical surface of the first upper sealing head 2725 and 
the outer surface of the first inner sealmg mandrel 2720 may range, for 

20 example, firom about 0.0025 to 0.05 inches. In a preferred embodimmt, the 
radial clearance between ihe inner cylindrical surface of the first upper sealing 
head 2725 and the outer siurface of the first inner sealing mandrel 2720 ranges 
firom about 0.005 to 0.126 inches in order to optimally provide Tninimal radial 
dearance. The radial clearance between the outer cylindrical siurface of the 

25 first upper sealing head 2725 and the umersurfSeu^ofthe casing 2790 nmy 
range, for example, firom about 0.025 to 0.375 inches. In a preferred 
embodiment, the radial clearance between the outer cylmdrical surface of the 
first upper sealing head 2725 and the mner surface of the casing 2790 ranges 
firom about 0.025 to 0.125 inches m order to optimal^ provide stabilization for 

30 the ^pension cone 2765 diuring the expansion process. 

The first upper sealing head 2725 preferabfy ramprises an annular 
member having substantially cylindrical inner and outer surfaces. The first 
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Upper sealing head 2725 may be fiOnicated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or otiier similar hi^ stroigth 
materials. In a preferred embodiment, the first upper sealing head 2725 is 
5 fabricated from stainless steel in order to optimally provide hi^ strength, 
corrosion resistance and low fiiddon surfaces. The inner surface of the first 
nppet sealing head 2725 prrferably indudes one or more annular sealii^ 
members 2835 for sealing the interface between the first upper sealing he^ 
2725 and the first inner sealing mandrel 2720. The sealing members 2835 may 
10 comprise any number of conventional commercially available annular sealing 
members such as, for example, o-rings, polypak seals or metal spring energized 
seals. In a preferred embodiment, the sealing members 2835 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for long 
axial strokes. 

15 In a preferred embodiment, the first upper sealing head 2725 includes a 

shoulder 2840 for stqiporttng the first upper sealing head 2725 on the first 
lower sealing head 2730. 

The first upper sealing head 2725 may be coupled to the first outer 
sealing mandrel 2735 using any number of conventional commercially available 

20 mechanical couplings such as, for example, drinpipe connection, oilfield country 
tubular goods specialty threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred embodiment, the first upper 
sealing head 2725 is removably coupled to the first outer sealing mandrel 2735 
by a standard tiireaded connection. In a prefixed embodiment, the 

25 mechanical coupling between the first upper sealing head 2725 and the first 
outer sealing mandrel 2735 indudes one or more sealing members 2845 for 
fluidicly sealing the mterface between the first upper sealing head 2725 and the 
first outer sealing mandrel 2735. The sealing members 2845 may comprise any 
number of conventional commerdally available sealing members such as, for 

30 example, o-rings, poferpak seals or metal spring energized seals. In a preferred 
embodhnent, the sealing members 2845 comprise polypak seals available from 
Parker Seals in order to optimal^ provide sealing for long axial strokes. 
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The first lower sealing head 2730 is coupled to the first inner sealing 
mandrel 2720 and the second inner sealing mandrel 2740. The first lower 
sealing head 2780 is also movably coupled to the inn^ surface of the first outer 
sealing mandrel 2735. In this manner, the first upper sealing head 2725 and 
5 first outer sealing mandrel 2735 reciprocate in the axial direction. The radial 
clearance between the outer surface of the first lower sealing head 2730 and the 
inner surface of the first outer sealing mandrel 2735 may range, for example, 
from about 0.0025 to 0.05 inches. In a preferred CTibodiment^ the radial 
clearance between the outer surface of the first lower sealing head 2730 and the 

10 inner surface of the first outer sealing mandrel 2735 ranges firom about 0.005 to 
0.01 inches in order to optimally provide minimal radial clearance. 

The first lower sealing head 2730 preferably comprises an annular 
member having substantially igrlindrical inner and outer stirfaces. The first 
lower sealing head 2730 may be fabricated firom any number of conventional 

15 commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel* stainless steel or other similar hi^ strength 
materials. In a preferred embodiment, the first lower sealing head 2730 is 
fabricated from stainless steel in order to optimally {xrovide high strength, 
corrosion resistance, and low fiiction stirfaces. The outer surface of the first 

20 lower sealing head 2730 preferably includes one or more annular sealing 
members 2850 for sealing the interface between the first lower sealing head 
2730 and the first outer sealing mandrel 2735. The sealing members 2850 may 
comprise ai^ number of conventional commercially available annular sealing 
members sudi as, for example, o-rings, polypak seals or metal spring energized 

25 seals. In a pref^ed embodiment^ the sealixig members 2850 comprise polyp 
seals available from Parker Seals in order to optima% provide sealing for long 
axial strokes. 

The first lower sealing head 2730 may be coupled to the first inner 
sealing mandrel 2720 using any number of conventional commerdaUy available 
30 mechanical couplings such as, for example, oilfield coimtry tubular goods 
specialty threaded connections, welding, amorphous bonding, or standard 
threaded connection. In a preferred embodiment, the first lower sealing head 
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2730 is removably coupled to the first inner sealing mandrel 2720 by a standard 
threaded connection. In a preferred endsodiment, the mechanical coupling 
between the first lower sealing head 2730 and the first inner sealing mandrel 
2720 includes one or more sealing members 2855 for fluidicly sealing the 
5 interface between the first lower sealing head 2730 and the first inner sealing 
mandrel 2720. The sealing members 2855 may conqmse any number of 
conventional commerdaUty available sealing members such as, for sample, o- 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2855 comprise polypak seals available from 

10 Parker Seals in order to optimally provide sealing for long axial strokes. 

The first lower sealing head 2780 may be coupled to the second inner 
sealing mandrel 2740 using any nimrf)er of conventional commercially available 
mechanical couplings sudi as, for example, oilfield country tubular goods 
spedalfy threaded connection, welding, amorphous bonding, or a standard 

15 threaded connection. In a preferred embodiment, the lower sealing head 2730 
is removably coupled to the second inner sealing mandrel 2740 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the first lower sealing head 2730 and the second inner sealing mandrel 
2740 includes one or more sealing members 2860 for fluidicly sealing the 

20 interface between the first lower sealing head 2730 and the second inner sealing 
mandrel 2740. The sealing members 2860 may comprise any number of 
conventional commercially available sealing members such as, for example, o- 
™gs» polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2860 comprise polypak seals available firom 

25 Parker Seals in order to optimally provide sealing for long axial strokes. 

The first outer sealing mandrel 2735 is coupled to the first upper sealing 
head 2725, the second upper sealing head 2745, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The first outer sealing mandrd 
2735 is also movably coupled to the inner surface of the casing 2790 and the 

30 outer surface of the first lower sealing head 2730. In this manner, the first 
upper sealing head 2725, first out« sealing mandrel 2735, second upper sealing 
head 2745, second outer sealing mandrel 2755, and the expansion cone 2765 
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reciprocate in the axial direction. The radial clearance between the outer 
sur&ce of the first outer sealing mandrel 2735 and the inner surface of the 
casing 2790 may range, for example, from about 0.025 to 0.375 inches. In a 
prefim^ed embodiment, the radial clearance between fhe out^ surface of the 
5 first outer sealing mandrel 2735 and the inner surface of the casing 2790 ranges 
firom about 0.025 to 0.125 inches in order to optimally provide stabilization for 
the expansion cone 2765 during the expansion process. The radial clearance 
between the inner siirface of the first outer sealing mandrel 2785 and the outer 
surface of the first lower sealing head 2730 may range, for example, firom about 

10 0.0025 to 0.05 inches. In a preferred embodiment^ the radial clearance between 
the hmer surface of the first outer sealing mandrel 2735 and the outer surface 
of the first lower sealing head 2730 ranges fi^om about 0.005 to 0.01 inches in 
order to optimally provide minimal radial clearance. 

The outer sealing mandrel 1935 preferably comprises an annular 

15 membw having substantially cylindrical iimer and outer surfaces. The first 
outer sealing mandrel 2735 may be fabricated horn any number of conventional 
conunerdally available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar hi^ strength 
materials. In a preferred embodiment^ the first outer sealing mandrel 2735 is 

20 fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low fiiction surfaces. 

The first outer sealing mandrel 2735 may be coupled to the first upper 
sealing head 2725 using any niunber of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular goods, 

25 welding, amorphous bonding, or a standard threaded connection. In a preferred 
einbodimenti the first outer sealing mandrel 2735 is removably coupled to the 
first upper sealing head 2725 by a standard threaded connection. Thefirst 
outer sealing mandrel 2735 may be coupled to the second upper sealing head 
2745 using any number of conventional commercial^ available mechanical 

30 couplings such as, for example, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded coxmection. 
In a preferred embodiment^ the first outer sealing mandrel 2735 is r^ovably 
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coupled to tiie second upper sealing head 2745 by a standard threaded 
connection. 

The second inner sealing mandrel 2740 is coupled to the first lower 
sealing head 2730 and the second lower sealing head 2750. The second inner 
5 sealing mandrel 2740 preferably comprises a substantially hollow tubular 
mentiber or members. The second inner sealing mandrel 2740 may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar hi^ strength materials. In a prefmred embodiment, the 

10 second inner sealing mandrel 2740 is fabricated firom stainless steel in order to 
optimally provide hi^ strength, corrosion resistance, and low friction surfaces. 

The second inner sealing mandrel 2740 may be coupled to the first lower 
sealing head 2730 using any nimiber of conventional commercially available 
mechanical couplings such as, for example, oilfield cotmtry tubular goods 

15 specially threaded connection, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the second inner sealing 
mandrel 2740 is removably coupled to the first lower sealing head 2740 by a 
standard threaded connection* The mechanical coupling between the second 
inner sealing mandrel 2740 and the first lower sealing head 2730 preferably 

20 includes sealing members 2860. 

The second inner sealing mandrel 2740 may be coupled to the second 
lower sealing head 2750 using any number of conventional conunerdally 
available medianical couplings such as, for example, oilfield coiml^y tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 

25 standard threaded connection. In a prrferred embodiment^ the second imiCT 
sealing mandrd 27^ is removably coupled to the second lower sealing head 
2750 by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the second inner sealing mandrel 2740 and the 
second lower sealing head 2750 indudes one or more sealing members 2865. 

30 The sealing members 2865 may comprise any number of conventional 
commercially available seals such as, for example, o-rings, polypak seals or 
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metal apring energized seals. In a preferred embodimenti the sealing members 
2865 comprise polypak seals available from Parker Seals. 

The second inner sealing mandrel 2740 preferably indudes a fluid 
passage 2810 that is adapted to convey fluidic materials from the fluid passage 
5 2805 into the fluid passage 2815. In a preferred embodhnent, the fluid passage 
2810 is adapted to conve^r fluidic materials such as, for example, cement, epoxy, 
water y drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gaUons/mintite. 

The second upper sealing head 2745 is coupled to the first upper sealing 

10 head 2725, the first outer sealing mandrel 2735, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The second upper sealing head 
2745 is also movably coupled to the outer surface of the second inner sealing 
mandrel 2740 and the inner surface of the casing 2790« In this manner, the 
second upper sealing head 2745 reciprocates in the axial direction. The radial 

15 clearance between the inner cylindrical surface of the second upper sealing head 
2745 and the outer surface of the second inner sealing mandrel 2740 may range, 
for example, from about 0.0025 to 0.05 inches. In a preferred embodunoit^ the 
radial clearance between the inner qylindrical surface of the second upper 
sealing head 2745 and the out^ surface of tbe second inner sealing mandrel 

20 2740 ranges from about 0.005 to 0.01 inches in order to optimally provide 
Twfwimfll radial clearance. The radial clearance betwera the outer cylindrical 
surface of the second upper sealing head 2745 and the inner siuface of the 
casing 2790 may range, for example, from about 0.025 to .375 inches. In a 
preferred embodiment^ the radial clearance between the outer cylindrical 

25 surfkce of the second upper sealing head 2745 and the inner surface of the 
casing 2790 ranges fr^m about 0.025 to 0.125 inches in order to optimal^ 
provide stabilization for the expansion cone 2765 during the expansion process. 

The second upper sealing head 2745 preferably comprises an annular 
member having siibstantially (ylindrical inner and outer surfaces. The second 
SO upper sealing head 2745 may be fabricated from any number of conventional 
commercial^ available materials such as, for example, oilfield country tubular 
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goods, low alloy steel, carbon sted, stainless sted or other similar hi^ strength 
materials. In a preferred embodiment, the second upper sealing head 2745 is 
fabricated from stainless steel in order to optimal^ provide high strCTigth, 
corrosion resistance, and low friction stirfaces. The inner surface of the second 
5 upper sealing head 2745 preferably includes one or more annular sealing 
members 2870 for sealing the interface between the second upp&r sealing head 
2745 and the second inner sealing mandrel 2740. The sealing members 2870 
may comprise any number of conventional commercial^ available an n u l a r 
sealmg memb«s such as, for example, o-rings, polypak seals, or metal spring 

10 energized seals. In a preferred embodiment, the sealing mranbers 2870 
comprise polypak seals available from Parker Seals in order to optimalfy 
provide sealing for long axial strokes. 

In a preferred embodiment, the second upper sealing head 2745 includes 
a shoulder 2875 for supporting the second upper sealing head 2745 on the 

15 second lower sealu^ head 2750. 

The second upper sealing head 2745 may be coupled to the first outer 
sealing mandrel 2735 iising any number of conventional commerdally available 
medianical couplings such as, for example, driUpipe connection, oilfield country 
tubular goods specialty threaded connection, ratdiet-latdi type threaded 

20 connection, or a standard threaded connection. In a preferred embodiment, the 
second upper sealing head 2745 is removably coupled to the first outer sealing 
mandrel 2735 by a standard threaded connection. In a preferred embodiment, 
the mechanical coiq)ling between the second upper sealing head 2745 and the 
first outer sealing mandrel 2735 includes one or more sealing members 2880 for 

25 fluidicfy sealing tiie interface between the second upper sealing head 2745 and 
the first outer sealing mandrel 2735. The sealing members 2880 may comprise 
any niunber of conventional conunerdalliy available sealing members audi as, 
for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 2880 comprise polypak seals 

30 available fiwm Parker Seals in order to optimally provide sealing for a long axial 
stroke. 
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The second uppei: sealing head 2745 may be coupled to the second outer 
sealing mandrel 2755 using any number of conventional conmierdally available 
mechanical couplings such as, for example, driUpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
5 connection. In a preferred embodiment, the second upper sealing head 2745 is 
removably coupled to the second outer sealing mandrel 2755 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the second upper sealing head 2745 and the second outer sealing 
mandrel 2755 includes one or more sealing members 2885 for fluididy sealing 

10 the interface between the second upper sealing head 2745 and the second outer 
sealing mandrel 2755. The sealing members 2885 may comprise any number of 
conventional commercially available sealing members such as, for example, o- 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2885 comprise polypak seals available from 

15 Parker Seals in order to optimally provide sealing for long axial strokes. 

The second lower sealing head 2750 is coupled to the second inner 
sealing noandrel 2740 and the load mandrel 2760. The second lower sealing 
head 2750 is also movably coupled to the inner surface of the second outer 
sealing mandrel 2755. In this manner, the first upper sealing head 2725, the 

20 first outer sealing mandrel 2735, second upper sealing head 2745, second outer 
sealing mandrel 2755, and the expansion cone 2765 reciprocate in the axial 
direction. The radial clearance between the outer surface of the second lower 
sealing head 2750 and the inner smiace of the second outer sealing mandrel 
2755 may range, for example, from about 0.0025 to 0.05 inches. In a preferred 

25 embodiment^ the radial clearance between the outer surface of the second lower 
sealing head 2750 and the inner surface of the second outer sealing mandrel 
2755 ranges fit>m about 0.005 to 0.01 inches in order to optimally provide 
minimal radial d wance. 

The second lowar sealing head 2750 pr^erably comprise an anntdar 

30 member having substantially q^drical inner and outer surfaces. The second 
lower sealing head 2750 may be fabricated firom any number of conventional 
coinmerdally available materials such as, for example, oilfield country tubular 
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goods, low alloy sted, carbon sted, stainless steel or other similar high strength 
materials. In a preferred embodiment^ the second lower sealing head 2750 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The outer surface of the second 
5 lower sealing head 2750 preferably includes one or more annular sealing 
members 2890 for sealing the interface between the second lower sealing head 
2750 and the second outer sealing mandrel 2755. The sealing members 2890 
may comprise any number of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals or metal spring 

10 energized seals. In a preferred embodimmt, the sealing members 2890 
comprise polypak seals available from Parker Seals in order to optimally 
provide sealing for long axial strokes. 

The second lower sealing head 2750 may be coupled to the second inner 
sealing mandrel 2740 using any number of conventional conmiercially available 

15 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods spedaliy threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second lower sealing head 2750 is removably coupled to the second inner sealing 
mandrel 2740 by a standard threaded connection. In a preferred embodiment, 

20 the mechanical coupling between the second lower sealing head 2750 and the 
second inner sealmg mandrel 2740 includes one or more sealing membm 2895 
for flmdicly sealing the interface between the second sealing head 2750and the 
second sealing mandrel 2740. The sealing members 2895 may comprise any 
number of conventional commercially available sealing members such as, for 

25 CTample, o-rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2895 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel 
2760 using any niunber of conveational commercially available mechanical 

30 couplings such as, for example, drillpipe connection, oilfield tubular goods 
specialty threaded connection, ratchetrlatch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the second lower 
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sealing head 2750 is removably coupled to the load mandrel 2760 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the second lower sealing head 2750 and the load mandrel 2760 
includes one or more sealing members 2900 for fluididy sealing the interface 
5 between the second lower sealing head 2750 and the load mandrel 2760. The 
sealing members 2900 may comprise any number of conventional conmierdally 
available sealing members sudi as, for example, o-rings, polypak seals or metal 
spring energized seals. In a prtferred embodiment, the sealing members 2900 
comprise polypak seals available from Parker Seals in ord^ to optimally 
10 provide sealingfor long axial strokes. 

In a preferred embodiment, the second lower sealing head 2750 includes 
a throat passage 2905 fluididy coupled betwe^ the fluid passages 2810 and 
2815. The throat passage 2905 is preferably of reduced size and is adapted to 
receive and engage with a plug 2910, or other similar device. In this manner, 
15 the fluid passage 2810 is fluididy isolated from the fluid passage 2815. In tins 
manner, the pressm^e chambers 2915 and 2920 are pressurized. The use of a 
plmralily of pressure chambers in the apparatus 2700 permits the efTective 
driving force to be multiplied. While illustrated using a pair of pressure 
chambers, 2915 and 2920, the apparatus 2700 may be ftnther modified to 
20 employ additional pressure chambers. 

The second outer seahng mandrel 2755 is coupled to the first upper 
sealing head 2725^ the first outer sealing mandrel 2735, the second upper 
sealing head 2745, and the expansion cone 2765. The second outer sealing 
mandrel 2755 is also movably coupled to the iimer surface of the casing 2790 
25 and the outer surface of the second lower sealing head 2750. In this manner, 
the first upper sealing head 2725, first outer sealing mandrel 2735, second 
upper sealing head 2745, second outar sealing mandrel 2755, and the expansion 
cone 2765 redprocate in tibia axial direction. 

The radial dearance between ihe outer surface of the second outer 
30 sealing mandrd 2755 and the inner surface of the casing 2790 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial dearance between the outer surface of the second outer sealing mandrel 
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2765 and the inner surface of the casing 2790 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2765 
during the expansion process. The radial clearance betwem the inna: surface 
of the second outer sealing mandrel 2755 and the outer surface of the second 
5 lower sealing head 2750 may range, for example, from about 0,0025 to 0,05 
inches. In a preferred embodiment, the radial clearance between the inner 
surface of the second outer sealing mandrel 2755 and the outer surface of the 
second lower sealing head 2750 ranges from about 0.005 to 0.01 inches in order 
to optimally provide minimal radial clearance. 

10 The second outer sealing mandrel 2755 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The second 
outer sealing mandrel 2755 may be fabricated from any ntunber of conventional 
commercially available materials such as, for example, oilfield country tubixlar 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 

15 materials. In a preferred embodiment, the second outer sealing mandrel 2755 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The second outer sealing mandrel 2755 may be coupled to the second 
upper sealing head 2745 using any number of conventional commercially 

20 available mechanical couplings such as, for example, driUpipe connection, 

oilfield coimtiy tubular goods spedaliy threaded connection, ratchet-latch type 
threaded connection or a standard threaded connection. In a preferred 
embodiment, the second outer sealmg mandrel 2755 is removably coupled to 
the second upper sealing head 2745 by a standard tinreaded connection. The 

25 second outer sealing mandrel 2755 may be coupled to the expansion cone 2765 
using any number of conventional commercial^ available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specially type threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the second outer 

30 sealing mandrel 2755 is removably coupled to the expansion cone 2765 by a 
standard threaded connection. 
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The load mandrel 2760 is coupled to the second lower sealing head 2750 
and the mechanical slip boc|7 2755. The load mandrel 2760 preferably 
comprises an flTimilgr member having substantially cylindrical inner and outer 
surfaces. The load mandrel 2760 may be fabricated from any number of 
5 conventional commercially avaflable materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the load mandrel 
2760 is fabricated from stainless steel in order to optimally provide hi^ 
strength, corrosion resistance, and low friction surfaces. 

10 The load mandrel 2760 itnay be coupled to the second lower sealing head 

2750 using any number of conventional commerdaQy available mechanical 
couplings such as» for example, drillpipe connection, oilfield country tubidar 
goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 

15 load mandrel 2760 is removably coupled to the second lower sealing head 2750 
by a standard threaded connection. The load mandrel 2760 may be coupled to 
the mechanical slip body 2775 using any number of conventional commerdally 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield coimtry tubular goods specially type threaded connection, ratchet-latch 

20 type threaded connection or a standard tiureaded connection. In a preferred 
embodiment, the load mandrel 2760 is removably coupled to the mechanical slip 
body 2775 by a standard threaded connection. 

The load mandrel 2760 preferably includes a fluid passage 2815 that is 
adapted to convey fluidic matmals from the fluid passage 2810 to the fluid 

25 passage 2820. In a preferred embodiment, the fluid passage 2816 is adsq[>ted to 
convey fluidic materials such as, for example, cement, eposQr, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallono^ninute. 

The expansion cone 2765 is coupled to the second outer sealing mandrel 

30 2755. The expansion cone 2765 is also movabfy coupled to the inner surface of 
the casing 2790. In this manner, tJie first upper sealing head 2725, first outer 
sealing mandrel 2735, second upper sealing head 2745, second outer sealing 
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mandrel 2755, and the expansion cone 2765 reciprocate in the axial direction. 
The reciprocation of the i^ansion cone 2765 causes the casing 2790 to expand 
in the radial direction. 

The expansion cone 2765 preferably comprises an annular member 
5 having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 inches in order to optiaoially provide 
expansion cone dimensions that aoconmiodate the typical range of casings. The 

10 adal length of the expansion cone 2765 may range, for example, from about 2 to 
8 times ihe largest outer diameter of the expansion cone 2765. In a preferred 
embodiment, the axial length of the expansion cone 2765 ranges from about 3 
to 5 times the largest outer diameter of the expansion cone 2765 in order to 
optimally provide stabilization and centralization of the expansion cone 2765. 

15 In a preferred embodiment, the angle of attack of the expansion cone 2765 
ranges from about 5 to 30 degrees in order to optimally balance frictional forces 
and radial expansion forces. 

The expansion cone 2765 may be fabricated from any nimiber of 
conventional commercially available materials such as, for example, machine 

20 tool steel, nitride steel, titanium, tmigsten carbide, ceranaics or other similar 
high strength materials. In a preferred embodim^t, the expansion cone 2765 
is fabricated from D2 machine tool steel in ord^ to optimally provide high 
strengtJi and resistance to corrosion and galling. In a particularly preferred 
embodiment, the outside surface of the expansion cone 2765 has a surface 

25 hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
high strength and resistance to wear and galling. 

The expansion cone 2765 may be coupled to the second outside sealing 
mandrel 2765 using any nmnber of conventional commCTcially available 
mechanical couplings such as, for example, drillpipe connection, oilfield coimtxy 

30 tubtilar goods specially type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a prefmred embodiment, the 
expansion cone 2765 is coupled to the second outside sealing mandrel 2765 
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using a standard threaded connection in order to optimal^ provide hi^ 
strength and easy replacement of the expansion cone 2765. 

The mandrel latmcher 2770 is coupled to the casing 2790. The mandrel 
laimcher 2770 comprises a tubular section of casing having a reduced wall 
5 tihickness compared to the casing 2790« In a preferred embodiment, the wall 
thickness of the mandrel laimcher 2770 is about 50 to 100 % of the wall 
thickness of the casing 2790. The wall thickness of the mandrel laimcher 2770 
may range , for example, from about 0.15 to 1.5 inches. In a preferred 
embodiment, the wall thickness of the mandrel launcher 2770 ranges from 

10 about 0.25 to 0.75 inches. In this manner, the initiation of the radial eaqpansion 
of the casing 2790 is facilitated, the placement of the ^paratus 2700 within a 
wellbore casing and wellbore is facilitated, and the mandrel launcher 2770 has a 
burst strength approximately equal to that of the casing 2790. 

The mandrel launcher 2770 may be coupled to the casing 2790 using any 

15 number of conventional mechanical couplings such as, for example, a standard 
threaded connection. The mandrel launcher 2770 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel, or 
other similar hi^ strength materials. In a preferred embodiment^ the mandrel 

20 launcher 2770 is fabricated from oilfield coimtry tubular goods of higher 

strength than that of the casing 2790 but with a reduced wall thickness in order 
to optimally provide a small compact tubular container having a burst strength 
approximately equal to that of the casing 2790. 

The mechffnir^l slip body 2775 is coupled to the load mandrel 2760, the 

25 mechanical slips 2780, and the drag blocks 2785. The mechanical slip bo^ 
2775 preferab^ comprises a tubular member having an umer passage 2820 
fluididy coupled to the passage 2815. In this maimer, fluidic materials may be 
conveyed from the passage 2820 to a region outside of the apparatus 2700. 

The mechanical slip bo^ 2775 may be coupled to the load mandrel 2760 

30 using any number of conventional mechanical couplings. In a preferred 
embodiment, the mechanical slip bo^y 2775 is removably coupled to the load 
mandrel 2760 using a standard threaded connection in order to optimally 
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provide hi^ strength and easy disassenobly. The mechanical slip boc^ 2775 
may be coupled to the mechanical slips 2780 using any number of conv^tionai 
mechanical couplings. In a preferred embodiment, the mechanical slip bo<^ 
2755 is removably coupled to the mechanical slips 2780 using threaded 
5 connections and sliding steel retainer rings in order to optimally provide a high 
strength attachment. The mechanical slip body 2755 may be coupled to the 
drag blocks 2785 using any number of conventional mechanical couplings. In a 
preferred ^bodiment^ the mechanical slip bo4y 2775 is removab^ coupled to 
the drag blocks 2785 using threaded connections and sliding steel retainer rings 

10 in order to optimally provide a high strength attachment. 

The mechanical slip body 2775 preferably indudes a fluid passage 2820 
that is adapted to convey fluidic materials from the fluid passage 2815 to the 
region outside of the apparatus 2700. In a preferred embodiment, the fluid 
passage 2820 is adapted to convey fluidic materials such as, for eatample, 

15 cement, epoxy, water, drilling mud or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The mechanical slips 2780 are coupled to the outside surface of the 
mechanical slip body 2775« During operation of the apparatus 2700, the 
mechanical slips 2780 prevent upward movement of the casing 2790 and 

20 mandrel launcher 2770. In this maimer, dining the axial reciprocation of the 
expansion cone 2765, the casing 2790 and mandrel launcher 2770 are 
maintained in a substantially stationary position. In this manner, the mandrel 
laimcher 2765 and casing 2790 and mandrel launcher 2770 are expanded in the 
radial direction by the axial movement of the expansion cone 2765. 

25 The mechanical slips 2780 may comprise any number of conventional 

commercial^ available mechanical slips such as, for example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment, the mechanical slips 2780 comprise RTTS packer 

30 tungsten carbide mechanical slips available from Halliburton Energy Services 
in order to optimally provide resistance to axial movement of the casing 2790 
and mandrel launcher 2770 during the expansion process. 
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The drag blocks 2785 are coupled to the outside surface of the 
mechanical slip body 2775. During operation of the apparatus 2700, the drag 
blocks 2785 prevent upward movement of the casing 2790 and mandrel 
launcher 2770. In this manner, during the axial reciprocation of the expansion 
5 cone 2765, the casing 2790 and mandrel latmcher 2770 are maintained in a 
substantially stationary position. In this manner, the mandrel laimdier 2770 
and casing 2790 are 6q)anded in the radial direction by the axial movement of 
the expansion cone 2765. 

The drag blocks 2785 may comprise any number of conventional 

10 commercially available mechanical slips such as, for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2785 comprise RTTS packer mechanical 
drag blocks available from Halliburton Energy Services in order to optimally 
provide resistance to axial movement of the casing 2790 and naiandrel launcher 

15 2770 during the expansion process. 

The casing 2790 is coupled to the mandrel launcher 2770. The casing 
2790 is further removably coupled to the mechanical slips 2780 and drag blocks 
2785. The casing 2790 preferably comprises a tubidar member. The casing 
2790 may be fabricated from any number of conventional commercially 

20 available materials such as, for example, slotted tubulars, oilfield country 

tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment^ the casing 2790 is fabricated 
from oilfield country tubular goods available from various foreign and domestic 
steel mills in order to optimally provide high strength using standardized 

25 materials. In a preferred embodim^t, the upper end of tiie casing 2790 
includes one or more sealing m^nbers positioned about the extraior of the 
casing 2790. 

During operation, the s^paratus 2700 is positioned in a wellbore with Ihe 
upp^ end of the casing 2790 positioned in an overlapping relationship within 
30 an existing wellbore casing. In order minimize surge pressures within the 
borehole during placement of the apparatus 2700, the fluid passage 2795 is 
preferabfy provided with one or more pressure rdirf passages. During the 
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placement of the apparatus 2700 in the wdlbore, the casing 2790 is supported 
by the expansion cone 2765. 

After positioning of the apparatus 2700 within the bore hole in an 
overlapping relationship with an existing section of wellbore casing, a first 
5 fluidic material is pumped into the fluid passage 2795 from a surface location. 
The first fluidic material is conveyed from the fluid passage 2795 to the fluid 
passages 2800, 2802, 2806, 2810, 2815, and 2820. The first fluidic material will 
then exit the apparatus 2700 and fill the annular region between the outside of 
the apparatus 2700 and the interior walls of the bore hole. 

10 The first fluidic material msy comprise any number of conventional 

commercially available materials such as, for example, epo^, drilling mud, slag 
mix, water or cement. In a preferred embodiment, the first fluidic material 
comprises a hardenable fluidic sealing material such as, for example, slag mix, 
epo^, or cement In this manner, a wellbore casing having an outer annular 

15 layer of a hardenable material nuiy be formed. 

The first fluidic material may be pumped into the apparatus 2700 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 
material is ptunped into the apparatus 2700 at operating pressures and flow 

20 rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons^ninute in order 
to optimally provide operational effidenty. 

At a predetermined point in the injection of the first fluidic material such 
as, for example, after the annular region outside of the apparatus 2700 has been 
filled to a predetermined level, a plug 2910, dart, or other similar device is 

25 introduced into the first fluidic material. The plug 2910 lodges m the throat 
passage 2905 thereby fluididy isolating the fluid passage 2810 from the fluid 
passage 2815. 

After placement of the plug 2910 m the throat passage 2905, a second 
fltddic material is pump«i into the flmd passage 2795 m order to pressurize the 
30 pressure chambers 2915 and 2920. The second fluidic material may comprise 
any nttmba of conventional commercially available materials such as, for 
example, water, drilling gases, drilling mud or lubricants. In a preferred 
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embodiment^ the second fluidic material comprises a non-hardenable fluidic 
material such as, for example, water, drilling mud or lubricant The use of 
lubricant optimally provides lubrication of the moving parts of the apparatus 
2700- 

5 The second fluidic material may be piunped into the apparatus 2700 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material is pumped into the apparatus 2700 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in 

10 order to optimally provide operational efSciency. 

The pressurization of the pressure chambers 2915 and 2920 cause the 
upper sealing heads, 2725 and 2745, outer sealing mandrels, 2735 and 2755, 
and expansion cone 2765 to move in an axial direction. As the expansion cone 
2765 moves in the axial direction, the expansion cone 2765 pulls the mandrel 

15 launcher 2770, casing 2790, and drag blocks 2785 along, which sets the 
mechanical slips 2780 and stops further axial movement of the mandrel 
launcher 2770 and casing 2790. In this manner, the axial movement of the 
expansion cone 2765 radially expands the mandrel launcher 2770 and casing 
2790. 

20 Once the upper sealing heads, 2725 and 2745, outer sealing mandrels, 

2785 and 2755, and expansion cone 2765 complete an axial stroke, the 
operating pressure of the second fliudic material is reduced and the drill string 
2705 is raised* This causes the inner sealing mandrels, 2720 and 2740, lower 
sealing heads, 2730 and 2750, load mandrel 2760, and mechanical slip body 

25 2755 to move upward. This imsets the mechanical slips 2780 and permits the 
mechanical slips 2780 and drag blocks 2785 to be moved upward within the 
mandrel launcher 2770 and casing 2790. When the lower sealing heads, 2730 
and 2750, contact the upper seating heads, 2725 and 2745, the second fluidic 
nmterial is again pressurized and the 9dial expansion process continues. In 

30 this manner, Uie mandrel launch^ 2770 and casing 2790 are radially expanded 
throu^ repeated axial strokes of tiie upper sealing heads, 2725 and 2745, outer 
sealing mandrels, 2735 and 2755, and expansion cone 2765. Throu^out the 
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radial expansion process, the upper end of the casing 2790 is prrferably 
maintained in an overlapping rdation with an esdsting section of wellbore 
casing. 

At the end of the radial expansion process, the upper end of the casing 
5 2790 is expanded into intimate contact with the inside surface of the lower end 
of the existing wellbore casing. In a preferred embodiment^ the sealing 
members provided at the upper end of the casing 2790 provide a fluidic seal 
between the outside surface of the upper end of the casing 2790 and the inside 
surface of the lower end of the existing wellbore casing. In a preferred 

10 embodiment, the contact pressure between the casing 2790 and the existing 
section of wellbore casing ranges from about 400 to 10,000 in order to optimally 
provide contact pressure for activating the sealing members, provide optimal 
resistance to axial movement of the expanded casing, and optimally resist 
typical tensile and compressive loads on the expanded casing. 

15 In a preferred embodiment, as the expansion cone 2765 nears the end of 

the casing 2790, the operating pressure of the second fluidic material is reduced 
in order to minimize shock to the apparatus 2700. In an alternative 
embodiment, the apparatus 2700 includes a shock absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2790. 

20 In a preferred embodiment, the reduced operating pressmre of the second 

fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2765 
nears the end of the casing 2790 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2765. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the 

25 return stroke of the apparatus 2700 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2765 during the 
retmn stroke. In a preferred embodunent> tihe stroke length of the apparatus 
2700 ranges firom about 10 to 45 feet in order to optimally provide equipment 
that can be easOy handled by typical oil well rising equipment and minimiz e 

30 the frequency at which the apparatus 2700 must be re*stroked during an 
expansion operation. 
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In an alternative embodiment^ at least a portion of the upper sealing 
heads, 2725 and 2745, indude espansion cones for radially expanding the 
mandrel launcher 2770 and casing 2790 during operation of the apparatus 2700 
in order to increase tiie surface area of the casing 2790 acted upon during the 
5 radial expansion process. In this maimer, the operating pressures can be 
reduced. 

In an alternative embodiment, mechanical slips are ix>8itioned in an axial 
location between the sealing sleeve 1915 and the first inner sealing mandrel 
2720 in order to optimally provide a simplified assembly and operation of the 

10 apparatus 2700. 

Upon tiie complete radial expansion of the casing 2790, if applicable, the 
first fluidic material is permitted to cure within the annular region between the 
outside of the expanded casing 2790 and the interior walls of the wellbore. In 
the case where t^e casing 2790 is slotted, the cured fluidic material preferably 

15 permeates and ravelops the expanded casing 2790. In this manner, a new 
section of wellbore casing is formed within a wellbore. Alternatively, the 
apparatus 2700 may be used to join a first section of pipeline to an existing 
section of pipeline. Alternative^, the apparatus 2700 may be used to directiy . 
line the interior of a wellbore with a casing, without the use of an outer annular 

20 layer of a hardenable material. Alternatively, the apparatus 2700 may be used 
to expand a tubular support member in a hole. 

Diuing the radial ^pansion process, the pressmized areas of the 
apparatus 2700 are limited to the fluid passages 2795, 2800, 2802, 2805, and 
2810, and the pressure chambers 2915 and 2920. No fluid pressure acts directly 

25 on the mandrel launcher 2770 and casing 2790. This permits the use of 
operating pr^sures hi^er tiian the mandrel launcher 2770 and casing 2790 
could normally withstand. 

Referring now to Figure 20, aprrferredembodiment of an apparatus 
3000 for forming a mono-diameter wellbore casing will be described. The 

30 apparatus 3000 preferably includes a drillpipe 3005, an innerstring adapter 
3010, a sealing sleeve 3015, a first inner sealing mandrel 3020, hydratilic slips 
3025, a first upper sealing head 3030, a first lower sealing head 3035, a first 
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outer sealing mandrel 3040, a second inner sealing mandrel 8045, a second 
upper sealing head 3050, a second lower sealing head 3055, a second outer 
sealing mandrel 3060, load mandrel 3065, expansion cone 3070, casing 3075, 
and fluid passages 3080, 3085, 3090, 3095, 3100, 3105, 3110, 3115 and 3120. 
5 The drillpipe 3006 is coupled to the innerstring adapter 3010. During 

operation of the apparatus 3000, the drillpipe 3005 supports the apparatus 
3000. The drillpipe 3005 preferably comprises a substantially hollow tubular 
member or members. The drillpipe 3005 may be fabricated from any number of 
conventional commercially^ available materials such as, for ezanq)le, oilfield 

10 country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the drillpipe 3005 
is fabricated from coiled tubing in order to fadliate the placement of the 
apparatus 3000 in non-vertical wellbores. The drillpipe 3005 may be coupled to 
the innerstring adapter 3010 using any number of conventional commercially 

15 available mechanical couplings such as, for example, drillpipe coimection, 
oilfield coimtiy tubidar goods specialty threaded connection, or a standard 
threaded connection. In a prefCT^ embodiment, the drillpipe 3005 is 
removably coupled to the innerstring adapter 3010 by a drillpipe connection. 
The drillpipe 3005 preferably includes a fluid passage 3080 that is 

20 adapted to convey fluidic materials firom a surface location into the fluid 

passage 3085. In a preferred embodiment, the fluid passage 3080 is ads^ted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

^ The innerstring adapter 3010 is coupled to the drill string 3005 and the 

sealing sleeve 3015. The innerstring adapter 3010 prrferably comprises a 
substantially hollow tubular m^aber or members. The innerotring ad^ter 
3010 may be fabricated firom any number of conventional commsdally 
avaflable materials such as, for example, oilfield country tubular goods, low 

30 alloy steel, carbon steel, stainless steel, or otiier sinular hi^ strength materials. 
In a preferred embodiment, ihe innerstring adapter 3010 is fabricated from 
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stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction swfaces. 

The tnnerstring adapter 3010 may be coupled to the drill string 3005 
using any number of conventional commercially available mechanical couplings 
5 such as, for example, drillpipe connection, oilfield countiy tubular goods 
specialty type threaded connection, or a standard threaded connection. In a 
preferred embodiment, the innerslxing adapter 3010 is removably coupled to 
the drill pipe 3005 by a drillpipe connection* The innerstring adapter 3010 may 
be coupled to the sealing sleeve 3015 using any number of conventional 
10 commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield countiy tubular goods specially type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the iimerstring adapter 3010 is removably coupled to 
the sealing sleeve 3015 by a standard threaded connection. 
15 The innerstring adapter 3010 preferably includes a fluid passage 3085 

that is adapted to convey fiuidic materials from the fluid passage 3080 into the 
fluid passage 3090. In a preferred embodiment^ the fluid passage 3085 is 
adapted to convey fluidic materials such as, for example, cement, eposy, water, 
drilling mud, or lubricants at operating pressures and flow rates ranging from 
20 about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 3015 is coupled to Hib innerstring adapts 3010 and 
the first inner sealing mandrel 3020. The sealing sleeve 3015 preferably 
comprises a substantially hollow tubular member or members. The sealing 
sleeve 3015 may be fabricated from any number of conventional conmierdally 
25 available matmals such as, for example, oilfield countiy tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, tiie sealing sleeve 3015 is fabricated firom stainless 
steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

30 The sealing sleeve 3015 may be couple to the innerstring adapter 3010 

using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield countiy tubular goods 
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specialty type threaded connecdon, ratdiet-latch type connection or a standard 
threaded connection. In a preferred embodiment^ the sealing sleeve 3015 is 
removably coupled to the innerstring adapter 3010 by a standard threaded 
connection. The sealing sleeve 3015 may he coupled to the first inner sealing 
5 mandrel 3020 using any number of conventional commercially available 

mechanical couplings such as, for example^ drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
sealing sleeve 3015 is removably coupled to the first inner sealing mandrel 3020 

10 by a standard threaded connection. 

The sealing sleeve 3015 prefiorably includes a fluid passage 3090 that is 
adapted to convey fluidic materials firom the fluid passage 3085 into the fluid 
passage 3095. In a preferred embodiment, the fluid passage 3090 ia adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 

15 mud^ or lubricants at operating pressures and flow rates ranging firom about 0 
to 9,000 psi and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 3020 is coupled to the sealing sleeve 
3015, the hydraulic slips 3025, and the first lower sealing head 3035. The first 
inner sealing mandrel 3020 is further movably coupled to the first upper sealing 

20 head 3030. The first inner sealing mandrel 3020 preferably comprises a 
substantiaUy hollow tubular member or members. The first inner sealing 
mandrel 3020 may be fabricated from any number of conventional commercially 
available ly^nteTiflla such as, for example, oilfield coimtry tubular goods, low 
alloy steel, carbon steel, stainless steel, or similar hi^ strength materials. In a 

25 preferred embodiment, the first inner sealing mandrel 3020 is fabricated firom 
stainless steel in order to optimal^ provide high strength, corrosion resistance, 
and low fiiction surfaces. 

The first inner sealing mandrel 3020 may be coupled to the sealing sleeve 
3015 using any number of conventional commercial]^ available medianical 

30 couphngs such as, for sample, drillpipe coimection, oilfield countiy tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
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first inner sealing mandrel 8020 is rmovably coupled to the sealing sleeve 3015 
by a standard threaded connection. The first inner sealing mandrel 3020 loay 
be coupled to the hydraulic slips 3025 using any number of conventional 
comm^cially available mechanical couplings such as, for example, drillpipe 
5 connection, oilfield country tubular goods specialty tj^pe threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the first inner sealing mandrel 3020 is removably 
coupled to the hydraulic slips 3025 by a standard threaded connection. The 
first inner sealing mandrel 3020 may be coupled to the first lower sealing head 

10 3035 using any number of conveational commercial^ available mechanical 
couplings such as^ for example, drillpipe connection^ oilfield country tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first inner sealing mandrel 3020 is removably coupled to the first lower sealing 

15 head 3035 by a standard threaded connection. 

The first inner sealing mandrel 3020 preferably includes a fluid passage 
3095 that is ad^ted to conv^ fluidic materials £rom the fliud passage 3090 into 
the fluid passage 3100. In a preferred embodiment, the fluid passage 3095 is 
adapted to convey fluidic materials such as, for example, water, drilling mud, 

20 cement, eposy, or lubricants at opiating pressures and flow rates ranging firom 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 3020 further preferably includes fluid 
passages 3110 that are adapted to convey fluidic materials firom the fluid 
passage 3095 into the pressure chambers of the l^draulic slips 3025. In this 

25 manner, the slips 3025 are activated upon the pressurization of the fluid 
passage 8095 into contact with the inside surface ofthe casing 3075. In a 
preferred embodiment, the fluid passages 3110 are adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling fluids or 
lubricants at operating pressin^es and flow rates ranging firom about 0 to 9,000 

30 psi and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 3020 further preferably includes fluid 
passages 3115 that are adapted to convey fluidic mati^rialB firom the fluid 
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passage 3095 into the first pressure chamber 3175 defined by the first upper 
sealing head 3030, the first lower sealing head 3035, the first inner sealing 
mandrel 3020, and the first outer sealing mandrel 3040. During operation of 
the apparatus 3000, pressinization of the pressure chamber 3175 causes the 
5 first upper sealing head 3030, the first outer sealing mandrel 3040, the second 
upper sealing head 3050, the second outer sealing mandrel 3060, and the 
expansion cone 3070 to move in an axial direction* 

The slips 3025 are coupled to the outside surface of the first inner sealing 
mandrel 3020. During operation of the apparatus 3000, the slips 3025 are 

10 activated upon the pressmization of the flxud passage 3095 into contact with 
the inside surface of the casing 3075. In this manner, the slips 3025 maintain 
the casing 3075 in a substantially stationary position. 

The slips 3025 preferably include fluid passages 3125, pressure chambers 
3130, spring bias 3135, and shp members 3140. The slips 3025 may comprise 

15 any nmnber of conventional commercially available hydraulic slips such as, for 
example, RTTS packer tungsten carbide hydraulic slips or Model 3L retrievable 
bridge plug with hydratdic shps. In a preferred embodiment, the slips 3025 
comprise RTTS pack^ tungsten carbide hydraulic slips available firom 
Halliburton Energy Services in order to optimally provide resistance to axial 

20 movement of the casing 3075 during the expansion process. 

The first upper sealing head 3030 is coupled to the Grst outer sealing 
mandrel 3040, the second upper sealing head 3050, the second outer sealing 
mandrel 3060, and the expansion cone 3070. The first upper sealing head 3030 
is also movably coupled to the outer surface of the first inner sealing mandrel 

25 3020 and the inner surface of the casing 3075. In this manner, the first upper 
sealing head 3030, the first outer sealing mandrel 3040, tiie second upper 
sealing head 3050, the second outer sealing mandrel 3060» and the expansion 
cone 3070 reciprocate in the axial direction. 

The radial clearance betw^n the inner cylindrical surface of the first 

30 upper sealing head 3030 and Ihe outer surface of the first inner sealing mandrel 
3020 may range, for example, firom about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the inner grlindrical surfSace of the 
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first upper sealing head 3030 and the outer surface of the first inner sealing 
mandrel 3020 ranges from about 0.005 to 0.01 inches in order to optimaUy 
provide TniniTnal radial clearance. The radial clearance betveeen the outer 
cylindrical surface of the first upper sealing head 3030 and the iimer surface of 
5 the casing 3075 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer cyUndrical 
surface of the first upper sealing head 3030 and Uie ixmex surface of the casing 
3075 ranges firom about 0.025 to 0.125 inches m order to optimal]^ provide 
stabilization for the expansion cone 3070 during the expansion process. 

10 The first upper sealing head 3030 preferably comprises an annular 

member having stibstantially cylindrical inner and outer surfaces. The first 
upper sealing head 3030 may be fabricated fi*om any number of conventional 
commercially available materials such as, for example, oilfield country tubidar 
goods, low alloy steel, carbon steel, or other similar high strength materials. In 

15 a preferred embodiment, the first upper sealing head 3030 is fabricated firom 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low firiction surfaces. The inner surface of the first upper sealing head 3030 
preferably includes one or more annular sealing members 3145 for sealing the 
int^ace between the first upper sealing head 3030 and the first inner sealing 

20 mandrel 3020. The sealing members 3145 may comprise any nxmiber of 
conventional commercially available annular sealing members such as, for 
example, o-rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 3145 comprise polypak seals available bom 
Parker seals in order to optimally provide sealing for a long axial stroke. 

25 In a preferred embodiment, the first upper sealing head 3030 includes a 

shoulder 3150 for supporting the first upper sealiog head 3030, first outer 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and expansion cone 3070 on the first lower sealing head 3035. 
The first upper sealing head 3030 may be coupled to the first outer sealing 

30 mandrel 3040 using any number of conventional commercially available 

mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods spedaUy type threaded connection, or a standard threaded 
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coimection. In a preferred embodimeat, the first upper sealing head 3030 is 
removably coupled to the first outer sealing mandrel 3040 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the first upper sealing head 3030 and the first outer sealing mandrel 
6 3040 indudes one or more sealing menJt)ers 3155 for fliiidicly sealing the 
interface between the first upper sealing head 3030 and the first outer sealing 
mandrel 3040. The sealing members 3155 may comprise any number of 
conventional commercially available sealing members such as, for example, o- 
rings, polypak seals, or metal spring energized seals. In a preferred 

10 embodiment, the sealing members 3155 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The first lower sealing head 3035 is coupled to the first inner sealing 
mandrel 3020 and the second inner sealing mandrel 3045. The first lower 
sealing head 3035 is also movably coupled to the inner surface of the first outer 

15 sealing mandrel 3040. In this manner, the first upper sealing head 3030, first 
outer sealing mandrel 3040, second upper sealing head 3050, second outer 
sealing mandrel 3060, and expansion cone 3070 reciprocate in the axial 
direction. The radial clearance between the outer surface of the first lower 
sealing head 3035 and the inner surface of the first outer sealing mandrel 3040 

20 may range, for example, fi:om about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the outer surface of the first lower 
sealing head 3035 and the inner surface of the outer sealing mandrel 3040 
ranges from about 0.005 to 0.01 inches in order to optimally provide minimal 
radial clearance. 

25 The first low^ sealing head 3035 preferab^r comprises an annular 

memberhavingsubstantially cylindrical inner and outer surfaces. The first 
lower sealing head 3035 may be fabricated from any number of convmtional 
commercially available matmals such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar hi^ strengtii 

30 materials. In a preferred embodiment^ the first lower sealing head 3035 is 
fabricated from stainless steel in order to optimally provide hi^ strength, 
corrosion resistance, and low fiiction surfaces. The outer surface of the first 
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lower sealing head 3035 prderably includes one or more anTmi a r sealing 
members 3160 for sealing the interface between the first lower sealing head 
3035 and tfaie first outer sealing mandrel 3040. The sealing members 3160 may 
comprise any number of conventional commercially available annular sealing 
5 members such as, for example, o*rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 3160 comprise pol3rpak 
seals available from Parker Seals in order to optimally provide sealing for a long 
axial stroke. 

The first lower sealing head 3035 may be coupled to the first iimer 
10 sealing mandrel 3020 using any number of conventional conunerdalfy available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first lower sealing head 3035 is removably coupled to the first iimer sealing 

15 mandrel 3020 by a standard threaded connection. In a preferred embodiment, 
the mechanical coupling between the first lower sealing head 3035 and the first 
inner sealing mandrel 3020 includes one or more sealing members 3165 for 
fluididy sealing the interface between the first lower sealing head 3035 and the 
first inner sealing mandrel 3020. The sealing members 3165 may comprise any 

20 number of conventional commercially available sealing members such as, for 
example, o-rings, polypak seals, or metal spring energized seals. In a preferred 
embodiment, the sealing members 3165 comprise polypak seals available firom 
Parker Seals in order to optimally provide sealing for a long axial stroke length. 
The first lower sealing head 3035 xnasy be coupled to the second inner 

25 sealing mandrel 3045 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield coimtry 
tubular goo& specialty type threaded connection, ratchetrlatch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first lower sealing head 3035 is removabl7 coupled to the second inner sealing 

30 mandrel 3045 by a standard threaded connection. In a prefim^ed embodiment, 
the mechanical coupling between the first lower sealing head 3035 and the 
second inns sealing mandrel 3045 includes one or more sealing members 3170 
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for fluididy sealing the interface between ihe first lower sealing head 3035 and 
the second inner sealing mandrel 3045. The sealing members 3170 may 
comprise any nimiber of convCTttional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
5 preferred embodiment, the sealing members 3170 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The first outer sealing mandrel 3040 is coupled to the first upper sealing 
head 8030 and the second upper sealing head 3050. The first outer sealing 

10 mandrel 3040 is also movably coupled to the inner surface of the casing 3075 
and the outer surface of the first lower sealing head 3036. In this manner, the 
first upper sealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrel 3060, and the expansion cone 
3070 reciprocate in the axial direction. The radial clearance between the outer 

15 surface of the first outOT sealing mandrel 3040 and the inner surface of the 
casing 3075 may range, for example, firom about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the 
first outer sealing mandrel 3040 and the inner bxo&ssb of the casing 3075 ranges 
from about 0.025 to 0.125 inches in order to optimaQy provide stabilization for 

20 the expansion cone 3070 during the expansion process. The radial clearance 
between the mner surface of the first outer sealing mandrel 3040 and the outer 
surface of the first lower sealing head 3035 may range, for example, from about 
0.005 to 0.125 inches. In a prefanred embodiment, the radial dearance between 
the inner surface of the first outer sealing mandrel 3040 and the outer surface 

25 of the first lower sealing head 3035 ranges from about 0.005 to 0.01 inches in 
order to optimaUy provide ywiTiiwiai radial dearance. 

The first outer sealing mandrd 3040 preferably conqxrises an annular 
member having substantially cylindrical inner and outer surface. The first 
outer sealing mandrel 3040 may be fabricated from any number of conventional 

30 commercially available materials such as, for sample, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first outer sMlingnxandrel 3040 is 
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fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The first outer sealing mandrel 3040 may be coupled to the first upper 
sealing head 3030 using any number of conventional commercially available 
5 mechanical couplings such as» for esample, drillpipe connection, oilfield country 
tubular goods specialty lype threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first outer sealing mandrd 8040 is removably coupled to the first upper sealing 
head 3030 by a standard ttireaded connection. In a preferred embodiment, the 
10 mechanical coupling between the first outer sealing mandrel 3040 and the first 
upper sealing head 3030 uxcludes one or more sealing members 3180 for sealing 
the interface between the first outer sealing mandrel 3040 and the first upper 
sealing head 3030. The sealing members 3180 may comprise any number of 
conventional commerdally available sealing memb^s such as, for example, o- 
15 rings, polypak seals or metal spring energized seals. In a preferred 

embodiment, the sealing members 3180 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The first outer sealing mandrel 3040 may be coupled to t^e second upper 
sealing head 3050 using any nimiber of conventional commercially available 
20 mechanical couplings such as, for example, drillpipe coxmection, oilfield countiy 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
first outer sealing mandrel 3040 is removably coupled to the second upper 
sealing head 3050 by a standard threaded connection. In a preferred 
25 embodiment, the mechanical coupling between the first outer sealing mandrel 
3040 and the second upper sealing head 3050 includes one or more sealing 
members 3185 for sealing tlie interface between the first outer sealing mandrel 
3040 and the second upper sealing head 3050. The sealing members 3185 may 
comprise any niunber of conventional commercially available sealing members 
30 such as, for example, o-rings, po^rpak seals or metal spring energized seals. In a 
preferred embodiment^ the sealing mooba^ 3185 comprise polypak seals 
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available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The second inner sealing mandrel 3045 is coupled to the first lower 
sealing head 3035 and the second lower sealing head 3055. The second inner 
5 sealing mandrel 3045 preferably comprises a substantially hollow tubtdar 
member or members. The second inner sealing mandrel S045 may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low allqy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the 

10 second inner sealing mandrel 3045 is fabricated from stainless steel in order to 
optimally provide high strength, corrosion resistance, and low friction surfaces. 

The second inner sealing mandrel 3045 may be coupled to the first lower 
sealing head 3035 iising any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 

15 tubular goods spedaliy type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
second inner sealing mandrel 3045 is removably coupled to the first lower 
sealing head 3035 by a standard threaded connection. The second inner 
sealing mandrel 3045 may be coupled to the second lower sealing head 3055 

20 using any ntimber of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specially type threaded connection, ratchet-latch type connection, or a standard 
threaded connection. In a preferred embodiment^ the second inn^ sealing 
mandrel 3045 is removably coupled to the second lower sealing head 3055 by a 

25 standard threaded connedaon. 

The second inner sealing mandrel 3045 preferably includes a fluid 
passage 3100 that is adapted to convey fliddic matraiala from the fluid passage 
3095 into tlie fluid passage 3105. In a preferred embodiment, the fluid passage 
3100 is adapted to conv^r fluidic materials such as, for example, cement, epo^, 

30 water, drilling mud or lubricants at operating pressures and flow rates ranging 
firom about 0 to 9,000 psi and 0 to 3,000 gallons^ninute. 
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The second iimer isealing mandz^ 304^ 
passages 3120 that are adapted to convey fluidic materials from the fluid 
passage 3100 into the second pressure chamber 3190 defined by the second 
upper sealing head 3050, the second lower sealing head 3055, the second inner 
5 sealing mandrel 3045, and the second outer sealing mandrel 3060. During 
operation of the apparatus 3000, pressurization of the second pressure chamber 
3190 causes the first npper sealing head 3030, ihe first outer sealing mandrel 
3040, the second upper sealing head 3050, the second outer sealing mandrd 
3060, and the expansion cone 3070 to move in an axial direction. 

10 The second upper sealing head 3050 is coupled to the first outer sealing 

mandrel 3040 and the second outer sealing mandrel 3060. The second upper 
sealing head 3050 is also movably coupled to the outer surface of the second 
inner sealing mandrel 3045 and the inner surface of the casing 3075. In this 
manner, the second upper sealing head 3050 reciprocates in the aadal direction. 

15 The radial clearance between the inner cylindrical surface of the second upper 
sealing head 3050 and the outer surface of the second inner sealing mandrel 
3045 may range, for example, from about 0.0025 to 0«05 inches. In a preferred 
embodiment, the radial clearance between the inner cylindrical surface of the 
second upper sealing head 3050 and the outer surface of the second inner 

20 sealing mandrel 3045 ranges from about 0.005 to 0.01 inches in oriet to 
optimally provide wiminnfil radial clearance. The radial clearance between the 
outer cylindrical surface of the second upper sealing head 3050 and the inna 
surface of the casing 3075 may range, for example, from about 0.025 to 0.375 
inches. In a preferred embodiment, the radial clearance between the outer 

25 gdindrical surface of the second upper sealing head 3050 and the inner surface 
of the casing 3075 ranges firom about 0.025 to 0.125 inches in order to optimally 
provide stabilization for the expansion cone 3070 during the expansion process. 



The second upper sealing head 3050 ptetenbly comprises an annular 
member having substantially cylindrical inn» and outer surfaces. The second 
30 upper sealing head 3050 may be fabricated from any niunber of conventional 
commercially available materials such as, for example, oilfield country tubular 

-203- 



25791^.02 



goods, low alloy sted, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the second upper sealing head 3050 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction stirfaces. The inner surface of the second 
5 upper sealing head 3050 preferably includes one or more annular sealing 
members 3195 for sealing the interface between the second upper sealing head 
3050 and the second inner sealing mandrel 3045. The sealing members 3195 
may comprise any nun:iber of conventional commerdaUy available annular 
sealing members such as, for example, o-rings, polypak seals or metal spring 

10 energized seals. In a preferred embodiment, the sealing members 3195 
comprise polypak seals available from Parker Seals in order to optimally 
provide sealing for a long axial stroke. 

In a preferred embodiment, the second upper sealing head 3050 indudes 
a shoxilder 3200 for supporting the first upper sealing head 3030, first outer 

15 sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and expansion cone 3070 on the second lower sealing head 3055. 

The second upper sealing head 3050 may be coupled to the first outer 
sealing mandrel 3040 using any nmnber of conventional comm^cially available 

20 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specially type threaded connection, ratchet^-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second upper sealing head 3050 is removably coupled to the first outer sealing 
mandrel 3040 by a standard threaded connection. In a preferred embodiment, 

25 the mechanical coupling between the second upper sealing head 3050 and the 
first outer sealing mandrel 3040 includes one or more sealing members 3185 for 
fluididy sealing the interface between the second upper sealing head 3050 and 
the first outer sealing mandrel 3040. The second upper sealing head 3050 may 
be coupled to the second outer sealing mandrel 3060 using any nmnber of 

30 conventional commercially available mechanical couplings sudi as, for example, 
drillpipe conn^tion, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection, or a standard threaded 
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connection. In a preferred embodiment^ the second u^per sealing head 3050 is 
removably coupled to the second outer sealing mandrel 3060 by a standard 
threaded connection. In a preferred embodiment, tiie mechanical coupling 
between the second upper sealing head 3050 and the second outer sealing 
5 mandrel 3060 includes one or more sealing members 3205 for fluididy sealing 
the interface between the second upper sealing head 3050 and the second outer 
sealing mandrel 3060. 

The second lower sealing head 3055 is coupled to ihe second inner 
sealing mandrel 3045 and the load mandrel 3065« The second lower sealing 

10 head 3055 is also movably coupled to the inner surface of the second outer 
sealing mandrel 3060. In this maimer, the first upper sealing head 3030, first 
outer sealing mandrel 3040, second upper sealing mandrel 3050, second outer 
sealing mandrel 3060, and expansion cone 3070 reciprocate in the axial 
direction. The radial clearance between the outer surface of the second lower 

15 sealing head 3055 and the inner surface of the second outer sealing mandrel 
3060 may range, for example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the outer surface of the second lovrer 
sealing head 3055 and the inner surface of the second outer sealing mandrel 
3060 ranges firom about 0.005 to 0.01 inches in order to optimally provide 

20 minimal radial clearance. 

The second lower sealing head 3055 preferably comprises an annular 
member having substantially qrlindrical inner and outer surfaces. The second 
lower sealing head 3055 may be fabricated firom any number of conventional 
commerciaUy available materials such as, for example, oilfield country tubular 

25 goods, low B&ay steel, carbon steel, stainless steel, or othegt similar high 

strength materials. In a preferred embodiment, the second lower sealing head 
3055 is fabricated firom stainless sted m order to optimally provide high 
strength, corrosion resistance, and low fiiction surfaces. The outer surf ace of 
the second lower sealing head 3055 preferably indudes one or more annular 

30 sealing members 3210 for sealing the intorface between the second lower 
sealing head 3055 and the second outer sealing mandrel 3060. The sealing 
members 3210 may comprise any number of conventional commercially 
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available anniilar sealing members such as, for example, o-rings, polypak seals, 
or metal spring energized seals* In a preferred embodiment, the sealing 
members 3210 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for long axial strokes* 
5 The second lower sealing head 3055 may be coupled to the second inner 

sealing mandrel 3045 using any number of conventional commercial^ available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specially type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the second lower sealing head 3055 is 

10 removably coupled to the second inner sealing mandrel 3045 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the lower sealing head 3055 and the second inner sealing mandrel 
3045 includes one or more sealing members 3215 for fluididy sealing the 
inter&ce between the second lower sealing head 3055 and the second inner 

15 sealing mandrel 3045. The sealing members 3215 may comprise any number of 
conventional commercially available sealing members such as, for example, o- 
rings, polypak seals or metal spring enei^ed seals. In a preferred 
embodiment, the sealing members 3215 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 

20 The second lower sealing head 3055 may be coupled to the load mandrel 

3065 using any number of conventional conmiercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield cotmtry tubular 
goods specialty l^pe threaded connection, or a standard threaded connection. 
In a preferred embodiment, the second low» sealing head 3055 is removably 

25 coupled to the load niandrel 3065 by a standard threaded connection. In a 
preferred embodiment^ the mechanical coupling between the second lower 
sealing head 3055 and the load mandrel 3065 includes one or more sealing 
members 3220 for fluididy sealing the interface between the second lower . 
sealing head 3055 and the load mandrel 3065. The sealing members 3220 may 

30 comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing meiiibers 3220 con^irise polypak seals 
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available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

In a preferred embodiment, the second lower sealing head 3055 includes 
a throat passage 3225 fluidicly coupled between the fluid passages 3100 and 
5 3105. The throat passage 3225 is preferably of reduced size and is adapted to 
receive and engage with a plug 3230» or other similar device. In this manner, 
the fluid passage 3100 is fluidicly isolated from the fluid passage 3105. In this 
manner, the pressure chambers 3175 and 3190 are pressurized. Furthermorei 
the placement of the plug 3230 in the throat passage 3225 also pressurizes ihe 

10 pressure chambers 3130 of the hydraulic slips 3025. 

The second outer sealing mandrel 3060 is coupled to the second upper 
sealing head 3050 and the expansion cone 3070. The second outer sealing 
mandrel 3060 is also movably coupled to the inner surface of the casing 3075 
and the ont&r surface of tixe second lower sealing head 3055. In this maimer, 

15 the first upper sealing head 3030, first outer sealing mandrel 3040, second 
upper sealing head 3050, second outer sealing mandrel 3060, and the expansion 
cone 3070 reciprocate in the axial direction. The radial dearance between the 
outer surface of the second outCT sealing mandrel 3060 and the inner surface of 
the casing 3075 may range, for example, from about 0.025 to 0.375 inches. In a 

20 preferred embodiment, tJie radial clearance between the outer siuiace of the 
second outer sealing mandrel 3060 and the inn^ surface of the casing 3075 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. The 
radial dearance between the iimer surfiace of the second outer sealing mandrel 

25 3060 and the outer surface of the second lower sealing head 3055 may range, for 
example, from about 0.0025 to 0.05 indies. In a i>referred embodiment, the 
radial dearance between the inner surface of the second outer sealing mandrel 
3060 and the outer surface of the second lower sealing head 3055 ranges from 
about 0.005 to 0.01 inches in order to optimally provide minimal radial 

30 dearance. 

The second outer sealing mandrel 3060 preferably comprises an annular 
member having substantially qrlindrical inner and outer surfaces. The second 
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outer sealing mandrel 3060 may be fabricated from any number of conventional 
commercial^ available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar hi^ strength 
materials. In a preferred embodiment, the second outer sealing mandrel 3060 is 
5 fabricated from stainless steel in order to optimally provide hi^ strength, 
corrosion resistance, and low firiction surfaces. 

The second outer sealing noiandrel 3060 may be coupled to the second 
upper sealing head 3050 using any number of conventional commercially 
available mechanical couplings such as, for example, driUpipe connection^ 

10 oilfield cotmtry tubular goods specialty type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 
3060 is removably coupled to the second upper sealing head 3050 by a standard 
threaded connection. The second outer sealing mandrel 3060 may be coupled to 
the mansion cone 3070 using any number of conventional commercially 

15 available mechanical couplings such as, for example, drillpipe connection, 

oilfield coimtry tubular goods specialty type threaded connection, or a standard 
threaded connection. In a preferred embodhnent, the second outer sealing 
mandrel 3060 is removably coupled to the expansion cone 3070 by a standard 
threaded connection. 

20 The first upper sealing head 3030, the first lower sealing head 3035, the 

first inner sealing mandrel 3020, and the first outer sealing mandrel 3040 
together define the first pressure chamber 3175. The second upper sealing head 
3050, the second lower sealing head 3055, the second inner sealing mandrel 
3045, and the second outer sealing mandrel 8060 together define the second 

25 pressure chamber 3190. The fitrst and second pressure chambers, 3175 and 
3190, are fluidicl^ coiqded to the passage, 3095 and 3100, via one or more 
passages, 3115 and 3120. During operation of the ^>paratU8 3000, the plug 
3230 engages with the throat passage 3225 to fluididy isolate the fluid passage 
3100 from the fluid passage 3105. The pressure diambers, 3175 and 3190, are 

30 then pressurized which in turn causes the first upper sealing head 3030, the 
first outer sealing mandrel 3040, the second upper sealing head 3050, the 
second outer sealing mandrel 3060, and expansion cone 3070 to reciprocate in 
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the axial direction. The axial motion of the expansion cone 3070 in turn 
expands the casing 3075 in the radial direction. The use of a pltirality of 
pressure chambers, 3175 and 3190, efTectively multipUes the available driving 
force for the expansion cone 3070. 
5 The load mandrd 3065 is coupled to the second lower sealing head 3055. 

The load mandrel 3065 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The load mandrel 3065 may 
be fabricated from any nmnber of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
10 carbon steel, stainless steel or other siniilar high strength materials. In a 
preferred embodiment, the load mandrel 3065 is fabricated firom stainless steel 
in order to optima^ provide high strength, corrosion resistance, and low 
fiiction surfaces* 

The load mandrel 3065 may be coupled to the lower sealing head 3055 

15 using any number of conventional commercially available mechanical couplings 
such as, for example, eposy, cement, water, drilling mud, or lubricants. In a 
preferred embodiment, the load mandrel 3065 is removably coupled to the lower 
sealing head 3055 by a standard threaded connection. 

The load mandrel 3065 preferably includes a fluid passage 3105 that is 

20 adapted to convqr fluidic materials firom the fluid passage 3100 to the r^on 
outside of the cq^iparatus 3000. In a preferred embodiment, the fluid passage 
3105 is adapted to convey fluidic materials such as, for example, cement, epoxy^ 
water, drilling mud or lubricants at operating pressures and flow ratea rangmg 
from about 0 to 9,000 psi and 0 to 3,000 gallona/minute. 

25 The expansion cone 3070 is coupled to the second outer sealing mandrel 

3060. The expansion cone 3070 is also movably coupled to the inner surface of 
the casing 3075. In this manner, the first upper sealing head 3030, first outo: 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and the expansion cone 3070 reciprocate in the axial direction. 

30 The redprocatiion of the expansion cone 3070 causes the casing 3075 to expand 
in the radial direction. 
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The expansion cone 3070 preferably comprises an annular member 
having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, &om about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
5 sturface ranges from about 3 to 28 inches in order to optimally provide an 
expansion cone 3070 tor expanding typical casings. The axial length of the 
expansion cone 3070 may range, for example, from about 2 to 8 times the 
Tnavimiim outer diameter of the expansion cone 3070. In a preferred 
embodiment, the axial length of the expansion cone 3070 ranges from about 3 

10 to 5 times the mflYimnni outer diameter of the expansion cone 3070 in order to 
optimally provide stabilization and centralization of the expansion cone 3070 
during the expansion process. In a particularly preferred embodiment, the 
Ty>j>viTniim outside diameter of the expansion cone 3070 is between about 95 to 
99 % of the inside diameter of the existing wellbore that the casing 3075 will be 

15 joined with. In a preferred embodiment, the an^e of attack of the expansion 
cone 3070 ranges from about 5 to 30 degrees in order to optin[ially balance the 
frictional forces with the radial expansion forces. 

The expansion cone 3070 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 

20 tool steel, nitride steel, titaniiun, tungsten carbide, ceramics, or other similar 
high strength materials. In a preferred embodiment^ the expansion cone 3070 
is fabricated from D2 machine tool steel in order to optimally provide high 
strengthandresistanceto wear and galling. In a particularly preferred 
embodimenti the outside surface of the expansion cone 3070 has a surface 

25 hardness ranging from about 58 to 62 Rockwell C in order to optimal^ provide 
high strength and resistance to wear and galling. 

The expansion cone 3070 may be coupled to the second outside sealing 
mandrel 3060 using any number of conventional commercially available 
Tnfffihflnir^l couplings such as, for example, driUpipe connection, oilfield country 

30 tubular goods spedalty lype threaded connection, ratchet-latch type connection 
or a standard threaded connection. In a preferred ^nbodiment, the expansion 
cone 3070 is coupled to the second outside sealing mandrel 3060 using a 
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standard threaded comiec±ion in order to optimally provide high strength and 
ea^ disassembly. 

The casing 3075 is removably coupled to the slips 3025 and the expansion 
cone 3070. The casing 3075 preferably comprises a tubular member. The 
5 casing 3075 may be fabricated from any nimober of conventional conunerdally 
available materials such as, for example, slotted tubulars, oilfield country 
tubular goods, carbon steel, low alloy steel, stainless steel, or other similar hi^ 
strength materials. In a preferred embodim^t, the casing 3075 is fabricated 
from oilfield country tubular goods available from various foreign and domestic 

10 steel mills in order to optimal^ provide high strength. 

In a preferred embodiment, the upper end 3235 of the casing 3075 
includes a thin wall section 3240 and an outer annular sealing member 3245. 
In apreferred embodiment, the wall thickness of the thin wall section 3240 is 
about 50 to 100 % of the regular wall thickness of the casing 3075. In this 

15 manner, the upper end 3285 of the casing 3075 may be easily radially espanded 
and deformed into intimate contact with the lower end of an eadsting section of 
wellbore casing. In a preferred embodiment, the lower end of the existing 
section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section 3240 of casing 3075 into the thin walled 

20 section of the existing wellbore casing results in a wellbore casing having a 
substantially constant inside diameter. 

The annular sealing membw 3245 may be fabricated from any number of 
conventional commercially available sealing materials such as, for example, 
epo2Qr, rubber, metal or plastic In a preferred embodiment, the annular sealing 

25 member 3245 is fabricated from StrataLock epo^ in order to optimally provide 
compressibility and wear resistance. The outside diameter of the axmular 
sealing member 3245 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the wellbore casing that the casing 3075 is 
joined to. In this manna, after radial eq^mnsion, the annular sealing member 

30 3245 optimally provides a fluidic seal and also preferably optimally provides 
sufiBdent frictional force with the inside surface of the eadsting section of 
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wellbore casing during the radial expansion of the casing 3075 to support the 
casing 3075. 

In a preferred embodiment, the lower end 3250 of the casing 3075 
includes a thin wall section 3255 and an outex annular sealing membra: 3260. 
5 In a prefored embodiment, the wall thickness of the thin wall section 3255 is 
about 50 to 100 % of the regular wall thickness of the casing 3075. In this 
manner, the lower end 3250 of the casing 3075 may be easily expanded and 
deformed. Furthermore, in this manner, an otitier section of casing migr be 
easily joined with the lower end 3250 of the casing 3075 using a radial 

10 expansion process. In a preferred embodiment, the upper end of the other 
section of casing also includes a thin wall section. In tins manner, the radial 
expansion of the thin walled section of Hie upper end of the otha- casmg into 
the thin walled section 3255 of the lower end 3250 of the casing 3075 results in 
a wellbore casing having a substantially constant inside diameter. 

15 Theupper annular sealing member 3245 may be fiabricated from any 

number of conventional commercially available sealing matoials such as, for 
example, epoxy, rubber, metal or plastic In a preferred embodunent, the upper 
annular sealing member 3245 is fabricated from Stratalock epoxy in order to 
optimally provide compressibility and resistance to wear. The outside diameter 

20 of the upper annular sealing member 3245 preferably ranges from about 70 to 
95 % of the inside diameter of the lower section of the existing wellbore casing 
that the casing 3075 is joined to. In this manner, after radial expansion, the 
upper annular sealing member 3245 preferab^ provides a fluidic seal and also 
pr^erably provides sufficient frictional force with the inside wall of the 

25 wellbore during the radial expansion of Hie casing 3076 to siqiport the casmg 
3075. 

The lower «n«ii1ar sealing member 3260 may be fabricated from any 
number of conventional commercially available sealing materials such as, for 
example, epoxy, rubbtt, metal or plastic In a preferred embodiment, the lower 
30 annular sealing member 3260 is fabricated from StrataLock epoxy m order to 

optimafly provide compressibility and resistance to wear. The outside diameter 
of the lower annular sealingmember 3260 preferabfy ranges from about 70 to 

- 212 - 



25791^3.02 



95 % of the inside diameter of the lower section of the existing wellbore casing 
that the casing 3075 is joined to. In this manner, the lower anntdar sealing 
member 3260 preferably provides a fluidic seal and also preferably provides 
sufficient firictional force with the inside wall of the wellbore during the radial 
5 expansion of the casing 3075 to support the casing 3075. 

During operation, the apparatus 3000 is preferably positioned in a 
wellbore witii the upper end 3235 of the casing 3075 positioned in an 
overleaping relationship with the lower end of an existing wellbore casing. In a 
particularly pr^erred embodiment, the tlun wall section 8240 of the casing 

10 3075 is positioned in opposing overlapping relation with Ihe thin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 3075 will 
compress the thin wall sections and annular compressible members of the upper 
end 3235 of the casing 3075 and the lower end of the existing wellbore casing 

15 into intimate contact Dining the positioning ofthe apparatus 3000 in the 
wellbore, the casing 3000 is preferably supported by tiie expansion cone 3070. 

After positioning the apjiaratus 3000, a first fluidic material is then 
pumped into the fluid passage 3080. The first fluidic.material may comprise 
any niunber of conventional conunercially available materials such as, for 

20 example, drilling mud, water, epoxy, cement, slag mix or lubricants. In a 
preferred embodiment, the first fluidic material comprises a hardenable fluidic 
sealing material such as, for example, cement, eposcy, or slag mix in order to 
optimally provide a hard^able outer annular bo^y around the expanded casing 
3075. 

25 The first fluidic material may be pumped into the fluid passage 3080 at 

operating pressures and flow rates ranging, for example, firom about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferr^ embodiment, the first fltudic 
material is punqped into the flxiid passage 3080 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallonsAninute in order 

30 to optimally provide operating e&dency. 

The first fluidic material ptmiped into the fluid i^ssage 3080 passes 
through the fluid pai^ages 3085, 3090, 3095, 3100, and 3105 and then outside of 
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the apparatus 3000. The first iluidic material then preferably fills the annular 
region between the outside of the apparatus 3000 and the interior walls of the 
wellbore. 

The plug 3230 is then introduced into the fluid passage 3080. The plug 
5 3230 lodges in the throat passage 3225 and fltudidy isolates and blocks off the 
fluid passage 3100. In a preferred embodiment, a couple of volumes of a non- 
hardenable fluidic material are then pumped into the fluid passage 3080 in 
order to remove any hardenable fluidic material contained within and to ^ure 
tihat none of the fluid passages are blocked. 

10 A second fluidic material is then pumped into the fluid passage 3080. 

The second flmdic material may comprise any number of conventional 
commerdally available materials such as, for example, water, drilling gases, 
drilling mud or lubricant In a preferred embodiment, the second fluidic 
material comprises a non-hardenable fluidic material such as, for example, 

15 water, drilling mud, drilling ^es, or lubricant in order to optimally provide 
pressurization of the pressure chambers 3175 and 3190. 

The second fluidic material may be pumped into the fluid passage 3080 at 
operating pressxires and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 

20 fluidic material is pumped into the fluid passage 3080 at operating pressures 
and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute 
in order to optimally provide operational efficienqr. 

The second fluidic material pumped into the fluid passage 3080 passes 
through the fluid passages 3085, 3090, 3095, 3100 and into the pressure 

25 chambers 3130 of tiie slips 3025, and into the pressure chambers 3175 and 
3190. Continued pumping of the second fluidic material pressurizes the 
pressure chambers 3130, 3175, and 3190. 

The pressurization of the pressure chambers 3130 causes the hydraulic 
slip mCTibers 3140 to esqiand in tite radial direction and grip the intoior 

30 surface of the casing 3075. The casing 3075 is then preferably niaintained m a 
substantially stationary position. 
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The pressurization of the pressure chambers 3175 and 3190 cause the 
first upper sealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrel 3060, and expansion cone 3070 
to move in an axial direction relative to the casing 3075. In this manner, the 
5 expansion cone 3070 will caiise the casing 3075 to expand in the radial 
direction, beginning with the lower end 3250 of the casing 3075. 

During the radial expansion process, the casing 3075 is prevented firom 
moving in an upward direction by tiiie slq>s 3025. A length of the casing 3075 is 
then expanded in the radial direction throu^ the pressurizalion of the pressure 

10 chambers 3175 and 3190. Thelengthof the casing 30*^ that is expanded 
during the expansion process will be proportional to the stroke length of the 
first upper sealing head 3030, first outer seahng mandrel 3040, second upper 
sealing head 3050, and expansion cone 3070. 

Upon the completion of a stroke, the operating pressure of the second 

15 fluidic material is reduced and the first upper sealing head 3030, first out^ 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and expansion cone 3070 drop to their rest positions with the 
casing 3075 supported by the expansion cone 3070. The reduction in the 
operating pressure of the second fluidic material also causes the spring bias 

20 3135 of the slips 3025 to puU the slip members 3140 away firom the inside walls 
of the casing 3075. 

The position of the dzillpipe 3075 is pref<^abfy adjusted throughout the 
radial expansion process in order to maintain the overlapping relationship 
between the thin walled sections of the lower end of tihe listing wellbore casing 

25 and the upper end of the casing 3235. In a prrferred embodiment, the stroking 
of the expansion cone 3070 is then repeated, as necessary, until the thin walled 
section 3240 of the upper end 3235 of the casing 3075 is expanded into the thin 
walled section of the lower end of the existing wellbore casing. In this manner, 
a wellbore casing is formed including two adjacent sections of casing having a 

30 substantia^ constant inside diameter. This process miQr then be repeated for 
the entirety of the wellbore to provide a wellbore casing thousands of feet in 
length having a substantially constant inside diameter. 
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In a preferred embodiment^ during the final stroke of the expansion cone 
3070, the slips 3025 are positioned as dose as possible to the thin walled section 
3240 of the upper end 3235 of the casing 3075 in order minimize slippage 
between the casing 3075 and the existing wellbore casing at the end of the 
5 radial expansion process. Alternatively! or in addition, the outside diameter of 
the upper awnular sealing member 3245 is selected to ensure sufQdent 
interference fit with the inside diameter of the lower end of tiie existing casing 
to prevent axial displacement of the casing 3075 during the final stroke. 
Alternatively, or in addition, the outside diameter of the lower annular sealing 

10 member 3260 is selected to provide an interference fit with the inside walls of 
tiie wellbore at an earlier point in the radial expansion process so as to prevent 
further axial displacement of the casing 3075. In this final alternative, the 
interference fit is preferably selected to permit expansion of the casing 3075 by 
pulling the expansion cone 3070 out of the wellbore, without having to 

15 pressurize the pressure chambers 3175 and 3190. 

During the radial elq^ansion process, the pressurized areas of the 
apparatus 3000 are preferably limited to the fluid passages 3080, 3085, 3090, 
3095, 3100, 3110, 3115, 3120, the pressure chambers 3130 within the slips 
3025, and the pressure chambers 3175 and 3190. No fluid pressure acts directiy 

20 on the casing 3075. Thispermits the use of operating pressures higher than the 
casing 3075 could normally withstand. 

Once the casing 3075 has been completely expanded off of the expansion 
cone 3070, the remaining portions of the apparatus 3000 are removed firom the 
wellbore. In a preferred embodiment, the contact pressure between the 

25 deformed thin wall sections and compressible annular members of the lower 
end of the existing casing and the upper end 3235 of the casing 3075 ranges 
from about 400 to 10,000 psi in order to optimally support the casing 3075 
using the existing wellbore casing. 

In this manner, the casing 3075 is radiaUiy expanded into contact with an 

30 mrigting section of casing by pressurizing the interior fluid passages 3080, 3085, 
3090, 3095, 3100, 3110, 3115, and 3120, the pressure chambers 3130 of the slips 
3025 and the pressure chambers 3175 and 3190 of the apparatus 3000. 
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In a preferred embodiment^ as required, the annular body of hardenable 
fiuidic material is then allowed to cure to form a r^d outer annular body about 
the expanded casing S075. In the case where the casing 3075 is slotted, the 
ciu*ed fluidic material pref^ably pmneates and envelops the expanded casing 
5 3075. The resulting new section of wdlbore casing includes the expanded 
cadng 3075 and the rigid outer annular body. The overlapping joint between 
the pre-existing weQbore casing and the expanded casing 3075 indudes the 
deformed thin wall sections and the compressible outer annular bodies. The 
inner diameter of the resulting combined wellbore casings is substantially 

10 constant In this manner, a mono-diameter wellbore casing is formed* This 
process of expanding overlapping tubular members having thin wall end 
portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing 
can be provided for thousands of feet in a subterranean formation. 

15 In a prrferred embodiment^ as the eqiansion cone 3070 nears the upper 

end 3235 of the casing 3075, the operating flow rate of the second fluidic 
material is reduced in order to minimize shock to the ^paratus 3000. In an 
alternative embodiment, the apparatus 3000 includes a shock absorber for 
absorbing the shock created by the completion of the radial expansion of the 

20 casing 3075. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material rang^ from about 100 to 1,000 psi as the expansion cone 3070 
nears the end of the casing 3075 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 3070* In a jnreferred embodiment, 

25 the operating pressure of the second fluidic material is reduced during the 
r^um stroke of the apparatus 3000 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 3070 during the 
return stroke. In a preferred embodiment, the stroke length of the apparatus 
3000 ranges from about 10 to 45 f^t in order to optimally provide equipment 

30 that can be easily handled by typical oil well rigging equipment and also 
minimize the frequency at which the eqiparatos 3000 must be re-stroked. 
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In an alternative embodiment^ at least a portion of one or both of liie 
upper sealing heads, 3080 and 3050, includes an expansion cone for radially 
expanding the casing 3075 during operation of the apparatus 3000 in order to 
increase the surface area of the casing 3075 acted upon during the radial 
5 expansion process. In this manner, the operating pressures can be reduced. 

Alternatively, the apparatus 3000 may be used to join a first section of 
pipeline to an existing section of pipeline. Alternatively, the apparatus 3000 
may be used to directiy line the interior of a wellbore with a casing, without the 
use of an outer apwilftr layer of a hardenable material. Alternative^, the 
10 apparatus 3000 may be used to expand a tubular support member in a hole. 

Referring now to Figure 21, an apparatus 3330 for isolating subterranean 
zones will be described. A wellbore 3305 including a casing 3310 are positioned 
in a subterranean formation 3316. The subterranean formation 3316 includes a 
number of productive and non-productive zones, induding a water zone 3320 
15 and a targeted oil sand zone 3325. During exploration of the subterranean 
formation 3315, the wellbore 3305 may be extended in a well known manner to 
traverse the various productive and non-productive zones, including the water 
zone 3320 and the targeted oil sand zone 3325. 

In a preferred embodiment, in order to fluidicly isolate the water zone 
20 3320 from the targeted oil sand zone 3325, an apparatus 3330 is provided that 
includes one or more sections of soUd casing 3335, one or more external seals 
3340, one or more sections of slotted casing 3345, one or more intermediate 
sections of solid casing 3350, and a solid shoe 3355. 

The solid casing 3335 may provide a fliud conduit that transmits fluids 
25 and other materials from one end of the solid casing 3335 to the other end of 
the soUd casing 3335. The solid casing 3335 may comprise any number of 
conventional commercially available sections of soUd tubular casing such as, for 
example, oilfield tubulars fabricated firom chromium steel or fiberglass. In a 
preferred embodiment, the solid casing 3335 comprises oilfield tubulars 
30 available from various foreign and domestic steel miUs. 

The solid casing 3335 is preferably coupled to the casing 3310. The solid 
casing 3335 may be coupled to the casing 3310 usmg any number of 
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conventional commercially available processes such as, for eacample, welding, 
slotted and expandable connectors, or expandable solid connectors. In a 
preferred embodiment, the solid casing 3335 is coupled to the casing 3310 by 
using expandable solid connectors. The solid casing 3335 may comprise a 
5 pluraliiy of such solid casings 3335. 

The solid casing 3335 is preferably coupled to one more of the slotted 
casings 3345. The solid casing 3335 may be coupled to the slotted casing 3345 
using any number of conventional commercially available processes such as, for 
example, welding, or slotted and expandable connectors. In a preferred 
10 embodiment, the solid casing 3335 is coupled to the slotted casing 3345 by 
expandable solid connectors. 

In a preferred embodiment, the casing 3335 includes one more valve 
members 3360 for controlling the flow of fliuds and oth^ materials within the 
interior region of the casing 3335« In an alternative embodiment^ during the 
15 production mode of operation, an internal tubular string with various 

arrangem^ts of packm, perforated tubing, sliding sleeves, and valves may be 
employed within the apparatus to provide various options for conuningling and 
isolating subterranean zon^ from each other while providing a fluid path to the 
surface. 

20 In a particularly preferred embodiment, the casing 3335 is placed into 

the wellbore 3305 by expanding the casing 3335 in the radial direction into 
intimate contact with the interior walls of the wellbore 3305. The casing 3335 
may be expanded in the radial direction using any nxnnber of conventional 
commercially available methods. In a preferred embodiment, the casing 3335 is 

25 expanded in the radial direction using one or more of the processes and 
^paratus described within the presCTit disclosure. 

The seals 3340 prevent the passage of fluids and other materials within 
the annular region 3365 between the solid casings 3335 and 3350 and the 
wellbore 3305. The seals 3340 may comprise any number of conventional 

30 commercially available sealing materials suitable for sealing a casing in a 
wellbore sudi as, for example, lead, rubber or epo^. In aprrferred 
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embodiment, the seals 3340 comprise Stratalok epoxy material available from 
Halliburton Energy Services. 

The slotted casing 3345 permits fluids and other materials to pass into 
and out of the interior of the slotted casing 3345 from and to the annular region 
5 3365. In this manner, oil and gas niay be produced from a producing 

subterranean zone vvitbin a subterranean formation. The slotted casing 3345 
may comprise any number of conventional commercially available sections of 
slotted tubular casing. In a preferred embodiment, the slotted casing 3345 
comprises expandable slotted tubular casing available from Petroline in 

10 Abeerdeen, Scotland. In a particularly preferred embodiment, the slotted 
casing 145 comprises expandable slotted sandscreen tubular casing available 
from Petroline in Abeerdeen, Scotland, 

The slotted casing 3345 is preferably coupled to one or more solid casing 
3335. The slotted casing 3345 may be coupled to the soUd casing 3335 using 

15 any number of conventional commercially available processes such as, for 
example, welding, or slotted or solid expandable connectors. In a preferred 
embodiment, the slotted casing 3345 is coupled to the solid casing 3335 by 
expandable solid connectors. 

The slotted casing 3345 is preferably coupled to one or more 

20 intermediate solid casings 3350. The slotted casing 3345 may be coupled to the 
intermediate solid casing 3350 using any number of conventional commercially 
available processes sudi as, for example, welding or expandable solid or slotted 
connectors. In a preferred embodiment, the slotted casing 3345 is coupled to 
the intermediate solid casing 3350 by expandable solid connecters. 

25 The last section of slotted casing 3345 is preferably coupled to the shoe 

3355. The last slotted casing 3345 niay be coupled to the shoe 3355 using any 
number of conventional commercially available processes such as, for example, 
welding or expandable solid or slotted connectors. In a prefmred embodiment, 
the last slotted casing 3345 is coupled to the shoe 3355 by an expandable solid 

30 connector. 

In an altonative embodiment, the shoe 3355 is coupled direct^ to the 
last one of the intmnediate soUd casings 3350. 

-220. 



25791^.02 



In a preferred embodiment^ the slotted casings 3345 are positioned 
within the wellbore 3305 by expanding the slotted casings 3345 in a radial 
direction into intimate contact with the interior walls of the wellbore 3305. The 
slotted casings 3345 may be expanded in a radial direction using any number of 
5 conventional commercially available processes. In a preferred embodiment, the 
slotted casings 3345 are expanded in the radial direction using one or more of 
the processes and apparatus disdosed in the present disclosure with reference 
to Figures 14a-20. 

The intermediate solid casing 3350 permits fluids and other materials to 

10 pass between adjacent slotted casings 3345. The intermediate solid casing 3350 
may comprise any number of conventional commercially available sections of 
solid tubular casing sudi as, for example, oilfield tubulars fabricated firom 
chromium steel or fiberglass. In a preferred embodiment, the intermediate 
solid casing 3350 comprises oilfield tubulars available firom foreign and 

15 domestic sted mills. 

The intermediate solid casing 3350 is preferably coupled to one or more 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 
coupled to the slotted casing 3345 using any nimiber of conventional 
conunerdally available processes such as» for example, welding, or solid or 

20 slotted expandable connectors. In a preferred embodiment^ the intermediate 
solid casing 3350 is coupled to the slotted casing 3345 by expandable solid 
connectors. The intermediate solid casing 3350 may comprise a plurality of 
such intermediate solid casing 3350. 

In a preferred embodiment, each intermediate solid casing 3350 indudes 

25 one more valve members 3370 for controlling the flow of fluids and other 
materials within the interior region of the intermediate casing 3350. In an 
alternative embodiment, as will be recognized by persons having ordinary skill 
in the art and the benefit of the present disdosure, during the production mode 
of operation, an internal tubular string with various arrangmients of packers, 

SO perforated tubing, sliding sleeves, and valves may be enqiloyed within the 
c^iparatus to provide various options for commingling and isolating 
subterranean zones firom each other while providing a fluid path to the surface. 
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In a particularly preferred embodiment, the intermediate casing 3350 is 
placed into the wellbore 3305 by sanding the intermediate casing 3350 in the 
radial direction into intimate contact with the interior walls of the wellbore 
3305. The intermediate casing 3350 may be expanded in the radial direction 
5 using any number of conventional commercially available methods. 

In an alternative embodim^t^ one or more of the intermediate solid 
casings 3350 may be omitted. In an alternative preferred embodiment, one or 
more of the slotted casings 3345 are provided with one or more seals 3340. 
The shoe 3355 provides a support member for the apparatus 3330. In 
10 this manner, various production and exploration tools may be supported by the 
show 3350. The shoe 3350 may comprise any number of conventional 
commercially available shoes suitable for use in a weUbore such as, for example, 
cement filled shoe, or an aluminum or composite shoe. In a preferred 
embodiment, the shoe 3350 comprises an aluminum shoe available from 
15 Halliburton* In a preferred embodiment, the shoe 3355 is selected to provide 
sufficient strength in compression and tension to p^mit the use of high 
capacity production and exploration tools. 

In a particularly preferred embodiment, the apparatus 3330 includes a 
plurality of solid casings 3335, a pluraUiy of seals 3340, a plurality of slotted 
20 casings 3345, a plurality of intermediate solid casings 3350, and a shoe 3355. 
More generally, the ^paratus 3330 may comprise one or more solid casings 
3335, each with one or more valve members 3360, n slotted casings 3345, n-1 
intermediate solid casings 3350, each with one or more valve members 3370, 
and a shoe 3355. 

25 During operation of the apparatus 3330, oil and gas may be controUably 

produced firom the targeted oil sand zone 3325 using the slotted casings 3345. 
The oil and gas may then be transported to a surface location using the solid 
casing 3335. The use of intermediate solid casings 3350 with valve members 
3370 permits isolated sections of the zone 3325 to be selectively isolated for 

30 production. The seals 3340 permit the zone 3325 to be fluididy isolated from 
the zone 3320. The seals 3340 finrther permits isolated sections of the zone 
3325 to be fluidi(^ isolated from each oilier. In this manner, the apparafais 
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3830 permits unwanted and/or non-ptbductive subterranean zones to be 
fluidicly isolated. 

In an alternative embodiment, as will be recognized by persons having 
ordinary skill in the art and also having the benefit of the present disclosure, 
5 during the production mode of operation, an internal tubular string with 
various arrangements of packers, perforated tubing, sliding sleeves, and valves 
may be employed within the apparatus to provide various options for 
ffn mmingling and isolating subterranean zones firom each other while providing 
a fluid path to the siuf ace* 

10 Referring to Figures 22a, 22b, 22c and 22d, an embodiment of an 

apparatus 3500 for forming a wellbore casing while drilling a wellbore will now 
be described. In a preferred embodiment, the apparatus 3500 includes a 
support member 3505, a mandrel 3510, a mandrel launcher 3515, a shoe 8520, a 
tubular member 3525, a mud motor 3530, a driU bit 3535, a first fluid passage 

15 3540, a second fluid passage 3545, a pressure chamber 3550, a third fluid 
passage 3555, a cup seal 3560, a body of lubricant 3565, seals 3570, and a 
releasable coupling 3600. 

The support m^nber 3505 is coupled to the mandrel 3510. The support 
member 3505 prefi^ably comprises an annular memb» having sufiCdent 

20 strength to carry and support the apparatus 3500 within the wellbore 3575. In 
a preferred embodiment, the support member 3505 further includes one or 
more conventional centralizers (not illustrated) to help stabilize the apparatus 
3500* 

The support nokember 3505 may comprise one or more sections of 
25 conventional commercially available tabular materials such as, for example, 
oilfield country tubular goods, low alloy steel, stainless steel or carbon steel* In 
a preferred embodiment, the support member 3505 comprises coiled tubing or 
driUpipe in order to optimaUy permit the placement of the ^paratus 3500 
vrithin a non*vCTtical wellbore. 
30 In aprrferred embodiment, tJie support member 3505 includes a first 

fluid passage 8540 for conveying fluidic materials &om a surface location to the 
fluid passage 3545. In a preferred embodiment, the first fluid passage 3540 is 
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adapted to convey fluidic materials such as water, drilling mud, cement, eposy 
or slag mix at operating pressxires and flow rates ranging from about 0 to 
10,000 psi and 0 to 3,000 gallons/minute. 

The mandrel 3510 is coupled to and supported by the support member 
5 3505. The mandrel 3510 is also coupled to and supports the mandrel launcher 
3515 and tubular m^nber 3525. The mandrel 3510 is preferably adapted to 
controllably expand in a radial direction. The mandrel 3510 may comprise any 
number of conventional commerdally available mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
10 embodiment, the mandrel 3510 comprises a hydraulic expansion tool as 

disclosed in U.S. Patent No. 5,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teadiings of the present 
disclosure. 

In a preferred embodiment, the mandrel 3510 includes one or more 

15 conical sections for expanding tiie tabular member 8525 in the radial direction. 
In a preferred embodiment, the outer surfaces of the conical sections of the 
mandrel 3510 have a surface hardness ranging from about 58 to 62 Rockwell C 
in order to optimally radially expand the tubtdar member 3525, 

In a preferred embodiment, the mandrel 3510 includes a second fluid 

20 passage 3545 fluididy coupled to the first fluid passage 3540 and the pressure 
chamber 3550 for conveying fluidic materials from the first fluid passage 3540 
to ihe pressure chamber 3550. In a preferred embodiment, the second fluid 
passage 3545 is adapted to convey fluidic materials such as water, drilling mud, 
cement, epoxy or slag mix at operating pressures and flow rates rangfaig from 

25 about 0 to 12,000 psi and 0 to 3,500 gallons/minute in order to optimally 
provide operating pressure for effident operation. 

The mandrel launcher 3515 is coupled to the tubular member 3525, the 
mandrel 3610, and the shoe 3520. The mandrel launcher 3515 preferably 
comprises a tapered annular member lliat inates with at a port! 

30 oneof the conical portions of tiieoutCT surface of the mandrel 3510. In a 
preferred embodiment, the wall thickness of the mandrel launchw is less than 
the wall thickness of the tubular member 3525 in order to facilitate the 
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initiaiion of the radial expansion process and facilitate tiie placement of the 
apparatus in openings having tight clearances. In a preferred embodiment, the 
wall thickness of the mandrel launcher 3515 ranges from about 50 to 100 % of 
the wall thickness of the tubular member 3525 immediately adjacent to the 
5 mandrel launcher 3515 in order to optinudly fadliate the radial expansion 
process and facilitate ihe insertion of the apparatus 3500 into wdlbore casings 
and other areas with ti^t clearances. 

The mandrd launcher 3515 may be fabricated from any number of 
conventional commercial]^ available materials such as, for example, oilfield 

10 country tubular goods, low alloy steel, carbon steel or stainless steeL In a 
preferred embodiment, the mandrel launcher 3515 is fabricated from oilfield 
country tubular goods of higher strength by lower wall thickness than the 
tubtdar member 3525 in order to optimally provide a smaller container having 
approximately the same hurst strength as the tubular member 3525. 

15 The shoe 3520 is coupled to the mandrel launcher 3515 and the 

releasable coupling 3600. The shoe 3520 preferably comprises a substantially 
anntilar member. In a prrferred embodiment, the shoe 3520 or the releasable 
coupling 3600 include a tiiird fluid passage 3555 fluididy coupled to the 
pressure chamber 3550 and the mud motor 3530. 

20 The shoe 3520 may comprise any number of conventional commercially 

available shoes such as, for example, cement filled, aluminum or composite 
modified in accordance witii the teachings of the present disclosure. In a 
preferred ^nbodiment^ the shoe 3520 comprises a high strength shoe having a 
burst strength i^yproximately equal to the burst strength of the tubidar 

25 m^nber 3525 and mandrel launcher 3515. The shoe 352&ispreferab^ coupled 
to the mud motor 3520 by areleasable coupling 3600 in order to optimal^ 
provide for removal of the mud motor 3530 and drill nit 3535 ui>on the 
completion of a drilling and rasing operation. 

In a preferred embodiment, the shoe 3520 includes a releasable latch 

30 mechanism 3600 for retrieving and removing the mud motor 3530 and drill bit 
3535 upon the con^iletion of the drilling and casing formation operations. In a 
preferred embodiment^ Hie shoe 3520 fiirtlier includes an anti*rotatiqn device 
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for maintaining the shoe 3520 in a substantially stationary rotational position 
during operation of the apparatus 3500. In a preferred embodiment, the 
releasable latch mechanism 3600 is releasably coupled to the shoe 3520. 

The tubular member 3525 is supported by and coupled to the mandrel 
5 3510. The tubular memba 3525 is expanded in the radial direction and 
extruded off of the mandrel 3510. The tubular member 3525 may be £abricated 
from any number of conventional commercially available materials such as, for 
example. Oilfield Country Tubular Goods (OGTG), 13 chronodum steel 
tubing/casing, automotive grade steel, or plastic tubin^casing. In a preferred 

10 embodiment, the tubular memba: 3525 is fabricated fr'om OCTG in order to 
maximize strength after expansion. The inn^ and outer diameters of the 
tubular menaber 3525 may range, for example, from approximately 0.75 to 47 
inches and 1.05 to 48 inches, respectively. In a preferred embodiment, the 
inner and outer diameters of the tubular member 3525 range from about 3 to 

15 15.5 inches and 3.5 to 16 inches, respectively in order to optimally provide 
mmiTnal telescoping effect in the most conunonly drilled wellbore sizes. The 
tubular member 3525 preferably comprises an annular member with solid 
waUs. 

In a preferred embodiment, the upper end portion 3580 of the tubular 
20 member 3525 is slotted, perforated, or otherwise modified to catch or slow down 
tiie mandrel 3510 when the mandrel 3510 completes the extrusion of tubular 
member 3525. For lypical tubxilar member 3525 materials, the length of the 
tubular member 3525 is preferably limited to between about 40 to 20,000 feet in 
length. The tubular member 3525 may comprise a single tubidar member or, 
25 alternative^, a plurality of tubular memibers coupled to one another. 

The mud motor 3530 is coupled to the shoe 3520 and the drill bit 3535. 
The mud motor 3530 is also fluidicly coupled to the fluid passage 3555. In a 
prderred embodiment^ the mud motor 3530 is driven by fluidic materials such 
as, for example, drilling mud, water, cement, epo^, lubricants or slag mix 
30 conveyed from the fluid passage 3555 to the mud motor 3530. IntlusmannCT, 
the mud motor 3530 dnv& ihe drill bit 3535. The operating pressures and flow 
rates for operating mud motor 3530 may range, for example, from about 0 to 
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12,000 psi and 0 to 10,000 gallons/minute. In a preferred embodiment, the 
operating pressures and flow rates for operating mud motor 3530 range from 
about 0 to 5,000 psi and 40 to 3,000 gallons/minute. 

The mud motor 3530 may comprise any number of conventional 
5 commercially available mud motors, modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment^ the size of the mud motor 
3520 and drill bit 3535 are selected to pass throu^ the interior of the shoe 
3520 and the espanded tubular member 3525. In this maimer, the mud motor 
3520 and drill bit 3535 may be retrieved from the downhole location upon the 

10 conclusion of the drilling and casing operations. 

The drill bit 3535 is coupled to the mud motor 3530. The drill bit 3535 is 
preferably adapted to be powered by the mud motor 3530. In this manner, the 
drill bit 3535 drills out new sections of the wellbore 3575. 

The drill bit 3535 may comprise any number of conventional 

15 commercially available drill bits, modified in accordance with the teachings of 
the present disclosure. In a preferred endbodiment, the size of the mud motor 
3520 and drill bit 3535 are selected to pass through the interior of the shoe 
3520 and the expanded tubular member 3525. In this manner, the mud motor 
3620 and drill bit 3535 may be retrieved from the downhole location upon the 

20 conclusion of the drilling and casing operations. In several alternative 

preferred embodiments, the drill bit 3535 comprises an eccentric drill hit, a bi- 
centered drill bit, or a small diameter drill bit with an hydraulicaUy actuated 
under reamer. 

The first fluid passage 3540 permits fluidic materials to be transported to 
25 the second fluid passage 3545, the pressure chamber 3550, the third fluid 
passage 3555, and the mud motor 3530. The first fluid passage 3540 is coupled 
to and positioned within the support member 3505. The first fluid passage 
3540 preferably extends fi:t>m a position adjacent to the surface to &e second 
fluid passage 3545 within the mandrel 3510. The first fluid passage 3540 is 
30 preferably positioned along a centerline of the apparatus 3500. 

The second fliud passage 3545 permits fluidic materials to be conveyed 
from the first fluid passage 3540 to the pressure chamber 3550, the third fluid 
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passage 3555, and the mud motor 3530. The second fluid passage 3545 is 
coupled to and positioned within the mandrel 3510. The second fluid passage 
3545 preferably extends from a position adjacent to the first fltiid passage 3540 
to the bottom of the mandrel 3510. The second fluid passage 3545 is preferably 
5 positioned substantially along the centerline of the apparatus 3500. 

The pressure chamber 3550 permits fluidic materials to be conveyed 
from the second fluid passage 3545 to the third fluid passage 3555, and the mud 
motor 3530. The pressure chamber is preferably defined by the region below 
the mandrel 3510 and within the tubular member 3525, mandrel launcher 

10 3515, shoe 3520, and releasable coupling 3600. During operation of the 

apparatus 3500, pressiuization of ihe pressure chamber 3550 preferably causes 
the tubular member 3525 to be extruded off of the mandrel 3510, 

The third fluid passage 3555 permits fluidic materials to be conveyed 
from the pressure chamber 3550 to the mud motor 3530. The third fluid 

15 passage 3555 may be coupled to and positioned within the shoe 3520 or 

releasable coupling 3600. The third fluid passage 3555 preferably extends from 
a position adjacent to the pressure chamber 3550 to the bottom of the shoe 3520 
or releasable coupling 3600. The third fluid passage 3555 is preferably 
positioned substantially along the centerline of the apparatus 3500. 

20 The fluid passages 3540, 3545, and 3555 are preferably selected to convey 

materials such as cement^ drilling mud or epoxies at flow rates and pressures 
ranging firom about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to 
optimally operational effldency. 

The cup seal 3560 is coupled to and supported by the outer surfiace of the 

25 support member 3505. The cup seal 3560 prevents foreign materials from 
entering the interior region of the tubular member 3525. The cup seal 3560 
may comprise any numb^ of conventional commercially avaflable cup seals 
such as, for example, TP cups or SIP cups modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 

30 3560 comprises a SIP cup, avaflable from Halliburton Energy Services in Dallas, 
TX in order to optimal^ block the entry of foreign materials an d contain a bo4y 
of lubricant In a preferred einbodiment, the apparatus 3500 includes a 
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plurality of such cup seals in order to optimally prevent the entry of foreign 
material into the interior region of the tubular member 3525 in the vicinity of 
the mandrel 3510. 

In a preferred embodiment, a quantity of lubricant 3565 is provided in 
5 the annular region above the mandrel 3510 within the interior of the tubular 
mCTiber 3525. In this manner, the esctrusion of the tubular member 3525 off of 
the numdrel 3510 is facQitated. The lubricant 3565 may comprise any nunber 
of conventional commercially available lubricants such as, for example, 
Lubriplate, dilorine based lubricants, oil based lubricants or Climax 1500 

10 Antisieze (3100). In a preferred embodiment, the lubricant 3565 comprises 
Climax 1500 Antisieze (3100) available from Climax Lubricants and Equipment 
Co. in Houston, TX in order to optimally provide optimum lubrication to 
fadliate the ea^)ansion process. 

The seals 3570 are coupled to and supported by the end portion 3580 of 

15 the tubular member 3525. The seals 3570 are further positioned on an outer 
surface of the end portion 3580 of the tubular member 3525. The seals 3570 
permit the overlapping joint between the lovirer end portion 3585 of a 
preexisting section of casing 3590 and the end portion 3580 of the tubular 
member 3525 to be fluididy sealed. The seals 3570 may comprise any number 

20 of conventional commercially available seals such as, for example, lead, rubber. 
Teflon, or epoxy seals modified in accordance with the teachings of the present 
disclosure. In a preferred embodimmt, the seals 3570 are molded from 
Stratalodc epoxy available from Halliburton Enei^ Services in Dallas, TX in 
order to optimal^ provide a load bearing interference fit between the ^d 3580 

25 ofthe tubular member 3525 and the end 3585 of the pre-existing ci^^ 
In apreferred embodiment, the seals 3570 are selected to optimallb^ 
provide a sufficient frictional force to support the expanded tubidar member 
3525 from the pre-existing casing 3590. In a preferred embodiment, the 
frictional force optimal^ provided by the seals 3570 ranges fit)m about 1,000 to 

30 1,000,000 Ibf in order to optimal^ support the expanded tubular memb^ 3525. 
The releasable coupling 3600 is preferabfy releasabfy coupled to the 
bottom of the shoe 3520. In a preferred embodiment^ the releasable coupling 
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3600 includes fluidic seals for sealing the interface between the releasable 
coupling 3600 and the shoe 3520. In this manner, the pressure chamber 3550 
may be pressurized. The releasable coupling 3600 may comprise any number of 
conventional commercially available releasable couplings suitable for drilling 
5 operations modified in accordance with the teachings of the present disdosm^e. 
As illustrated in Figure 22A, during operation of the apparatus 3500, the 
apparatus 3500 is preferably initially positioned within a preexisting section of 
a wellbore 3575 including a preexisting section of wellbore casing 3590* In a 
preferred embodiment^ the upper end portion 3580 of the tubular member 3525 

10 is positioned in an overl£q[>ping relationship with the lower end S585 of the 
preexisting section of casing 3590. In a preferred embodiment, the apparatus 
3500 is initially positioned in the wellbore 3575 with the drill bit 353 in contact 
with the bottom of the wellbore 3575. During the initial placement of the 
apparatus 3500 in the wellbore 3575, the tubular member 3525 is preferably 

15 supported 1^ tiie mandrel 3510. 

As illustrated in Figure 22B, a fltudic material 3595 is then piunped into 
the first fluid passage 3540. The fiuidic material 3595 is preferably conveyed 
firom the first fluid passage 3540 to the second fluid passage 3545, the pr^sure 
chamber 3550, the third fluid passage 3555 and the inlet to the mud motor 

20 3530. The fluidic material 3595 may comprise any nmnber of conventional 
commercially available fluidic materials such as, for example, drilling mud, 
water, cement, epoxy or slag mix. The fluidic material 3595 may be pumped 
into the first fluid passage 3540 at operating pressures and flow rates ranging, 
for example, from about 0 to 9,000 psi and 0 to 3,000 gaUons/minute. 

25 The fluidic matraial 3595 will enter the inlet for the mud motor 3530 and 
drive the mud motor 3530. The fluidic material 3595 will then exit the mud 
motor 3530 and enter the annular region surrounding the apparatus 3500 
within the wellbore 3575. The mud motor 3530 will in turn drive the drill bit 
3535. The operation of the drill bit 3535 will drill out a new section of the 

30 wellbore 3575. 

In the case where the fluidic material 3595 comprises a hardenable 
fluidic material, the fluidic material 13595 preferably is permitted to cure and 
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form an outer annular body surrounding the periphery of the expanded tabular 
member 3525. Alternatively, in the case where the fluidic material 3595 is a 
non-hardenable fluidic material, the tubular member 3595 preferably is 
expanded into intimate contact with the interior walls of the wellbore 3575, In 
5 this maimer^ an outer annular bodty is not provided in all applications. 

As illustrated in Figure 22C, at some point during operation of the mud 
motor 3530 and drill bit 3535, the pressure drop across the mud motor 3530 
will create sufBdent back pressure to cause the operating jiressure witMn the 
pressxire chamber 3550 to elevate to the pressure necessary to extrude the 

10 tubular member 3525 off of the mandrel 3510. The elevation of the operating 
pressure vrithin the pressure chamber 3550 will then cause the tubular member 
3525 to extrude off of the mandrel 3510 as illustrated in Figure 22D. For 
igrpical tubular members 3525, the necessary operating pressure may range, for 
example, from about 1,000 to 9,000 psi. In this manner, a wellbore casing is 

15 formed simultaneous with the drilling out of a new section of w^bore. 

In a particularly preferred embodiment, during the opmdion of the 
apparatus 3500, the apparatus 3500 is lowered into the wellbore 3575 until the 
drill bit 3535 is proximate the bottom of the wellbore 3575. Throughout this 
process, the tubular member 3525 is preferably supported by the mandrel 3510. 

20 The apparatus 3500 is then lowered until the drill bit 3535 is placed in contact 
with the bottom of the wellbore 3575. At this point, at least a portion of the 
wei^t of the tubular member 3625 is supported by the drill bit 3535. 

The fluidic material 3595 is then pumped into the first fluid passage 
3540, second fluid passage 3545, pressure chamber 3550, third fluid passage 

25 3555, and the inlet of liie mud motor 3530. Themudmotor 3530 then drives 
the drill bit 3535 to drill out a new section of the wellbore 3575. Once the 
differential pressure across the mud motor 3530 exceeds the miniTnum 
extrusion pressure for ihe tubtdar member 3525, the tubular memb^ 3525 
b^[ins to extrude ofi'of the mandrel 3510. As the tubular member 3525 is 

30 extruded oS of the mandrel 3510, the weight of the extruded portion of the 
tubular member 3525 is transfored to and supported by the drill bit 3535. In a 
preferred embodimrat, the pumping pressure of the fluidic material 3595 is 
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maintained substantially constant throu^out Hiis process. At some point 
during the process of extruding the tubular member 3525 off of the mandrel 
3510, a sufficient portion of the weight of the tubular member 3525 is 
transferred to the drill bit 3535 to stop the extrusion process due to the 
5 opposing force. Continued drilling by the drill bit 3535 eventually transfers a 
sufficient portion of the weight of the extruded portion of the tubular member 
3525 back to the mandrel 3510. Atthispoint^ the otnidon of the tubular 
member 3525 off of the mandrel 3510 continues. In this manner, the support 
member 3505 never has to be moved and no driUpipe connections have to be 

10 made at the surface since the new section of the wellbore casing within the 
newly drilled section of wellbore is created by the constant downward feeding of 
the expanded tubtdar member 3525 off of the mandrel 3510. 

Once the new section of wellbore that is lined with the fully expanded 
tubtdar member 3525 is completed, the support member 3505 and mandrel 

15 3510 are removed from the wellbore 3575. The drilling assembly including the 
mud motor 3530 and drill bit 3535 are then preferably removed by lowering a 
drillstring into the new section of wellbore casing and retrieving the drilling 
assembly by using the latch 3600. The expanded tabular member 3525 is then 
cemented using conventional squeeze cementing methods to provide a soUd 

20 annular sealing member around the periphery of the expanded tubular member 
3525. 

Alternatively, the apparatus 3500 may be used to repair or form an 
imderground pipeline or form a support member for a structure. In several 
preferred alternative embodiments, the teachinp of the apparatus 3500 are 

25 combined with the teadungs of the embodiments illustrated in Figures 1-21. 
For example, by operably coupling the mud motor 3530 and drill bit 3535 to the 
pressure chambers tised to cause tiie radial expansion of the tubular members 
of the embodiments illustrated and d^cribed with reference to Figures 1-21, 
the use of plugs may be eliminated and radial expansion of tubular members 

30 can be combined with the drilling out of new sections of wellbore. 

Referring now to FIGS. 23A, 23B and 23C, an apparatus 3700 for 
expanding a tubular member will be described. In a preferred embodiment, the 
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apparatus 3700 includes a support member 3705^ a packer 3710, a first fluid 
conduit 3715, an annular fluid passage 3720, fluid inlets 3725, an annular seal 
3730, a second fluid conduit 3735, a fluid passage 3740, a mandrel 3745, a 
mandrel launcher 3750, a tubular member 3755, slips 3760, and seals 3765. In 
5 a preferred embodiment, the apparatus 3700 is used to radially expand the 
tubular member 3755. In this manner, the apparatus 3700 may be used to form 
a wdlbore casing, line a wellbore casing, form a pipeline, line a pipeline, form a 
structural support member, or repair a wellbore casing, pipeline or structural 
support member. In a preferred embodiment, the apparatus 3700 is used to 
10 dad at least a portion of the tubular member 3755 onto a preexisting tubular 
member* 

The support member 3705 is preferably coupled to the packer 3710 and 
the mandrel lamcher 3750. The support member 3705 preferably comprises a 
tubular member fabricated from any number of conventional coimnercially 

15 available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, or stainless steel. The support member 3705 is 
preferably selected to fit through a preexisting section of wellbore casing 3770. 
In this manner, the apparatus 3700 may be positioned within the wellbore 
casing 3770. In a preferred embodiment, the support member 3705 is 

20 releasably coupled to Hie mandrel launcher 3750. In this manner, the support 
member 3705 may be decoupled from the mandrel launcher 3750 upon the 
completion of an extrusion operation. 

The packer 3710 is coupled to the support member 3705 and the first 
fluid conduit 3715. The packer 3710 preferabJ^^ provides a fliud seal betwe^ 

25 Uie outside surface of the first fluid conduit 3715 and the inside surface of the 
support member 3705. In this manner, the packer 3710 preferably seals off 
and, in combination with the support member 3705, first fluid condiut 3715, 
second fluid conduit 3735, and mandrel 3745, defines an annular chamber 3775. 
The packer 3710 may comprise any number of conventional comm^dally 

30 available packers modified in accordance with the teachings of the present 
disclosure. 
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The first fltiid conduit 3715 is coupled to the packer 3710 and the 
annular seal 3730. The first fluid conduit 3715 preferably comprises an annular 
member fabricated firom any niunbmr of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
5 carbon steel, or stainless steel. In a preferred embodiment, the first fluid 
conduit 3715 includes one or more fluid inlets 3725 for conveying fluidic 
materials fi*om the annular fluid passage 3720 into tiie chamber 3775. 

The fiiiniilflT fluid passage 3720 is defined by and positioned between the 
interior surface of the first fluid conduit 3715 and the interior surface of the 

10 second fluid conduit 3735. The annular fluid passage 3720 is preferably 
adapted to convey fl^uidic materials such as cement, water, epoxyj lubricants, 
and slag mix at operating pressures and flow rates rangiug firom about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
operational efficiency. 

15 The fluid inlets 3725 are positioned in an end portion of the first fluid 

conduit 3715. The fluid inlets 3725 pr^erably are adapted to convey fluidic 
materials such as c^tnent, water, eposy, lubricants, and slag mix at operating 
pressures and flow rates ranging firom about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide operational efficiency. 

20 The annular seal 3730 is coupled to the first fluid conduit 3715 and the 

second fluid conduit 3735. The annular seal 3730 preferably provides a fluid 
seal between the interior surface of the first fluid conduit 3715 and the exterior 
surface of the second fluid conduit 3735. The annular seal 3730 preferably 
provides a fluid seal between the mterior surface of the first fluid conduit 3715 

25 and the exterior surface of the second fluid conduit 3735 during relative axial 
motion of the first fluid conduit 3715 and the second fluid conduit 3735. The 
annular seal 3730 may comprise any nmnber of conventional commercially 
available seals such as, for example, o-rings, polypak seals or metal spring 
ener^ed seals. In a preferred embodiment, the annular seal 3730 comprises a 

30 po^ak seal available firom Parker Seals in order to optimally provide sealing 
for axial motion. 



-234- 



25791^.02 



The second fluid conduit 3735 is coupled to the annular seal 3730 and the 
mandrel 3745« The second Qmd conduit preferably comprises a tubular 
member fabricated firom any nimiber of conventional commercially available 
materials such as, for example, coiled tubing, oilfield country tubular goods, low 
5 alloy steel, stainless steel, or low carbon steel. In a preferred embodiment, the 
second fltud conduit 3735 is adapted to convey fluidic materials such as cement, 
water, epo:^, lubricants, and slag mix at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimally provide operational e£Bcien<y« 

10 The fluid passage 3740 is coupled to the second fluid conduit 3735 and 

the mandrel 3745. In a prefmed embodiment, the fluid passage 3740 is 
adapted to convey fluidic materials such as cement^ water, epoxy, lubricants, 
and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 

15 operational efficiency. 

The mandrel 3745 is coupled to the second fluid conduit 3735 and the 
mandrel launcher 3750. The mandrel 3745 preferably comprise an annular 
member having a conic section fabricated from any number of conventional 
commercially available materials such as, for example, carbon steel, tool steel, 

20 ceramics, or composite materials. In a pr^erred embodiment, the angle of 
attack the conic section of the mandrel 3745 ranges from about 10 to 30 degrees 
in order to optintially expand the mandrel launcher 3750 and tubular member 
3755 in the radial direction. In a preferred embodiment, the surfkce hardness 
of the conic section of the mandrel 3745 ranges &om about 50 Rockwell C to 70 

25 Rockwell C. In a particularly preferred embodiment, l^e surface hardness of 
the outer surface of the conic section of the mandrel 3745 ranges from about 58 
Rockwell C to 62 Rockwell C in order to optimally provide hi^ yield strength. 
In an alternative embodiment, the mandrel 3745 is eiq>andable in order to 
further optimally augment tiie radial expansion process. 

30 The mandrel launcher 3750 is coupled to the siqsport member 3705, the 

mandrel 3745^ and the tubular m^nber 3755. The mandrel launcher 3750 
preferably comprise a tubular member having a variable cross-section and a 
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r^rjiii^H Wflll tlilfflmpga in nrdgr tn fflrilitate the radial eacpaMion proceaa. In a 
preferred embodiment, the cross-sectional area of the mandrel laimcher 3750 at 
one end is adapted to mate witii the mandrel 3745, and at the other end, the 
cross-sectional area of the mandrel launcher 3750 is adapted to match the cross- 
5 sectional area of the tubular member 3755. In a preferred embodiment, the 
wall thickness of the mandrel launcher 3750 ranges from about 50 to 100 % of 
the wall thickness of the tubular member 3755 in order to facilitate the 
initiation of the radial expansion process. 

The mandrel launcher 3750 may be fabricated from any number of 

10 conventional conmierdally available materials such as, for example, oilfield 
country tubidar goods, low allow steel, stainless steel, or carbon steel. In a 
preferred embodiment, the mandrel launcher 3750 is fabricated from oilfield 
country tubular goods having hi^er strength but lower wall thickness than the 
tubular member 3755 in order to optimally match the burst strength of the 

15 tubular member 3755. In a preferred embodiment^ the mandrel launcher 3750 
is removably coupled to the tubular member 3755. In this manner, the mandrel 
launcher 3750 may be removed from the wellbore 3780 upon the completion of 
an extrusion operation. 

The tubular member 3755 is coupled to the mandrel launcher, the slips 

20 3760 and the seals 3765. The tubtdar member 3755 preferably comprises a ' 
tubular member fabricated from any number of conventional commercially 
available m«^^na^« such as, for example, low alloy steel, carbon steel, stainless 
steel, or oilfield country tubular goods. In a preferred embodiment, the tubular 
member 3755 is fabricated from oilfield coimtry tubular goods. 

25 The slips 3760 are coupled to tiie outside surfeus of the tubular member 

3755. The slips 3760 preferably are adapted to couple to the interior walls of a 
casing, pipeline or other structure upon the radial expansion of the tubular 
memb^ 3755. In this manner, the slips 3760 provide structural support for the 
expanded tubidar member 3755. The slips 3760 may comprise any number of 

30 conventional commercially available slips, modified in accordance with the 
t^eachingB of the present disclosure. 
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The seals 3765 are coupled to the outside surface of the tubular member 
3755. The seals 3765 preferably provide a fluidic seal between the outside 
surface of the expanded tubular member 3755 and the interior walls of a casing, 
pipeline or other structure upon the radial expansion of the tubular member 
5 3755. In this manner, the seals 3765 provide a fluidic seal for the expanded 
tubular member 3755. The seals 3765 may comprise any number of 
conventional commercially available seals such as, for example, lead, rubber, 
TeQon or epoxy seals modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment^ the seals 3765 comprise seals molded 

10 from Stratalock epoxy available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a hydraulic seal in the overlapping joint and 
optimally provide load carrying capacity to withstand the range of typical 
tensile and compressive loads. 

During operation of the apparatus 3700, the apparatus 3700 is preferably 

15 lowered into a wellbore 3780 having a preexisting section of wellbore casing 
3770. In a preferred embodiment, the apparatus 3700 is positioned with at 
least a portion of the tubular member 3755 overlapping with a portion of the 
wellbore casing 3770. In this manner, the radial expansion of the tubular 
member 3755 will preferably cause the outside surface of the expanded tubtilar 

20 member 3755 to couple with the inside surface of the wellbore casing 3770. In a 
preferred embodiment, the radial expansion of the tubular member 3755 will 
also cause the slips 3760 and seals 3765 to engage with the interior surface of 
the wellbore casing 3770. In this manner^ the expanded tubular memb^ 3755 
is provided with enhanced structural support by the sUps 3760 and an enhanced 

25 fluid seal by the seals 3765. 

As illustrated in FIG. 2SB, after placement of the apparatus 3700 in an 
overlapping relationship with the wellbore casing 3770, a fluidic material 3785 
is preferably pumped into the chamber 3775 using the fluid passage 3720 and 
the inlet passages 3725. In a pref e rred embodiment, the fluidic material is 

30 pumped into the chamber 3775 at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally 
provide operational etBdmcy. The pumped fluidic material 3785 increase the 
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operating pressure vdtiun the chaxnb^ 3775. The increased operating pressure 
in the chamber 3775 then causes the mandrel 3745 to extrude the mandrel 
launcher 3750 and tubular member 3755 off of the face of the mandrel 3745. 
The extrusion of the mandrel laimcher 3750 and tubular member 3755 off of 
5 the face of the mandrel 3745 causes the mandrel laimcher 3750 and tubtdar 
member 3755 to expand in the radial direction. Continued ptmiping of the 
fluidic material 3785 pref»ab]y causes the entire length of the tubular member 
3755 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and presattre of the fluidic 

10 material 3785 is reduced during the latter stages of the extrusion process in 
order to minimize shock to the apparatus 3700. In a preferred embodiment, the 
apparatus 3700 includes shock absorbers for absorbing the shock caused by the 
completion of the extrusion process. 

In a preferred embodiment, the extrusion process causes the mandrel 

15 3745 to move in an axial direction 3785. During the axial movement of the 
mandrel, in a preferred embodiment, the fluid passage 3740 conv^ fluidic 
material 3790 displaced by the moving mandrel 3745 out of the wellbore 3780. 
In this manner, the operational efficiency and speed of the extrusion process is 
enhanced. 

20 In a preferred embodiment, the estrusion process includes the injection 

of a hardenable fluidic material into the annular region between the tubular 
member 3755 and the bore hole 3780. In this manner, a hardened sealing layer 
is provided between the expanded tubular member 3755 and the interior walls 
of the wellbore 3780. 

25 As illustrated in FIG. 23C, in a preferred embodiment, upon the 

completion of the extrusion process, the support mernb^ 3705, padcer 3710, 
first fluid conduit 3715, annular seal 3730, second fluid conduit 3735, mandrd 
3745, and mandrel launcher 3750 are moved from the wellbore 3780. 

In an alternative embodiment, the apparatus 3700 is used to repair a 

30 preexisting wellbore casing, pipeline, or structural support. In this alternative 
embodiment, both ends of the tubular memb^ 3755 preferably indude slips 
3760 and seals 3765. 
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In an altanative embodiment^ the apparatus 3700 is used to form a 
tubular structural support for a buildmg or ofishore structure. 

Referring now to PIGS. 24A, 24B, 24C, 24D, and 24E, an apparatus 3900 
for expanding a tubular member will be described. In a preferred embodiment, 
5 the apparatus 3900 includes a support member 3905, a mandrel launcher 3910, 
a mandrd 3915, a first fluid passage 3920, a tubular member 3925, slips 3930, 
seals 3935, a shoe 3940, and a second fluid passage 3945. In a preferred 
embodiment, the apparatus 3900 is used to radially espand the mandrel 
launcher 3910 and tubular member 3925. In this manner, the apparatus 3900 

10 maybeiisedtafornaaweIlborecasing,lineawelIbOT 

line a pipeline, form a structural support member, or repair a weUbore casing, 
pipeline or structural support member. In a preferred embodiment, the 
apparatus 3900 is used to clad at least a portion of the tubular member 3925 
onto a preexisting structural member. 

15 The support member 3905 is preferably coupled to the mandrel launcher 

3910. The support member 3905 preferably comprises a tubular member 
fabricated from any nmnber of conventional commercially available materials 
sudi as, for example, oilfield countiy tubular goods, low alloy steel, carbon steel, 
or stainless steel. The support member 3905, the mandrel launcher 3910, the 

20 tubular member 3925, and the shoe 3940 are preferably selected to fit throu^ a 
preexisting section of wellbore casing 3950. In this noanner, the apparatus 3900 
may be positioned within the wellbore casing 3970. In a preferred embodiment, 
the support member 3905 is releasably coupled to the mandrel launcher 3910. 
In this manner, the support member 3905 may be decoupled firom the mandrel 

25 launcher 3910 upon the conQ>letion of an extrudonopeiration. 

The mandrel laundher 3910 is coupled to the support member 3905 and 
the tubular member 3925. The mandrel launcher 3910 preferably comprise a 
tubular member having a variable cross-section and a reduced wall thickness in 
order to facilitate the radial expansion process. In a preferred embodiment, the 

30 cross-sectionalareaof the mandrd launcher 3910 at one end is adapted to mate 
with the mandrel 3915, and at the other end, the crosa-sectional area of the 
mandrel laundier 3910 is adapted to match the cross-sectional area of the 
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tubular member 3925. In a preferred embodiment^ tiie wall thirkn^gg of the 
mandrel launcher 3910 ranges from about 50 to 100 % of the wall thickness of 
the tubular member 3925 in order to facilitate the initiation of the radial 
expansion process. 

5 The mandrel launcher 3910 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 
country tubular goods, low allow steel, stainless steel, or carbon steel. In a 
preferred embodiment, the mandrel launcher 3910 is fabricated from oilfield 
country tubular goods having higher strength but lower wall thickness than the 

10 tubular member 3925 in order to optimally match the burst strength of the 
tubular member 3925. In a preferred embodiment, the mandrel launcher 3910 
is removably coupled to the tubular member 3925* In this manner, the mandrel 
laimcher 3910 may be removed from the wellbore 3960 upon the completion of 
an extrusion operation. 

15 The mandrel 3915 is coupled to the mandrel launcher 3910. The 

xnandrel 3915 preferably comprise an annular member having a conic section 
fabricated from any nmnber of conventional commercially available materials 
such as, for example, tool steel, carbon steel, ceramics, or composite materials. 
In a preferred embodiment, the an^e of attack of the conic section of the 

20 mandrel 3915 ranges from about 10 to 30 degrees in order to optimally expand 
the mandrel laimcher 3910 and the tubular member 3925 in the radial 
direction. In a preferred embodiment, the siurface hardness of the conic section 
of the mandrel 3915 ranges from about 58 to 62 Rockwell C in order to 
optimally provide high strength and resist wear and galling. In an alternative 

25 embodiment^ tiie mandrel 3915 is expandable in ordeac to further optimally 
augmmt the radial expansion process. 

The fluid passage 8920 is positioned witiiin the mandrel 3915. The fluid 
passage 3920 is preferably adapted to conv^ fluidic materials such as cement, 
water, epo^, lubricants, and slag mix at operating pressures and flow rates 

30 ranging from about 0 to 9,000 psi and 0 to 3,000 gallonsAninute in order to 
optimally provide operational efBdency. The fluid passage 3920 preferably 
includes an inlet 3965 adapted to receive a plug, or other similar device. In tiiis 
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manner, the interior chamber 3970 above the mandrel 3915 may be fluididy 
isolated from Hhe interior chamber 3975 below the mandrel 3915. 

The tubular member 3925 is coupled to the mandrel laxmcher 3910, the 
slips 3930 and the seals 3935. The tubular member 3925 preferably comprises a 
5 tubular member fabricated from any niunber of conventional commercially 
available materials such as, for eauonple, low alloy steel, carbon steel, stainless 
steel, or oilfidd country tubular goods. In a preferred embodiment^ the tubtdar 
m^nber 3925 is fabricated fr^m oiMeld country tubular goods. 

The slips 3930 are coupled to the outside surface of the tubular member 

10 3925. The slips 3930 preferably are adapted to couple to the interior walls of a 
casing, pipeline or other structure upon the radial expansion of the tubular 
member 3925. In this manner, the slips 3930 provide structural support for the 
expanded tubular member 3925. The sUps 3930 may comprise any number of 
conventional commerdaUy available slips, modified in accordance with the 

15 teachings ofthe present disclosure. 

The seals S935 are coupled to the outside siniisu^ of the tubular memb^ 
3925. The seals 3935 preferably provide a fluidic seal between the outside 
surface ofthe expanded tubular member 3925 and the interior walls of a casing, 
pipeline or other structure upon the radial expansion of the tubular member 

20 3925. In this manner, the seals 3935 provide a fluidic seal for the expanded " 
tubular member 3925. The seals 3935 may comprise any number of 
conventional commeircially available seals such as, for example, lead, rubber or 
epoxy. In a preferred embodiment, the seals 3935 comprise Stratalok epaxy 
material available from Halliburton Energy Services in order to optimally 

25 provide structural support for &e typical tensile and compressive loads. . 

The shoe 3940 is coupled to the tubular memiber 3925. Tfaeahoe3940 
preferably oomprises a substantial^ tubular member having a fluid passage 
3945 for conveying fluidic materials from the diamber 3975 to the annular 
region 3970 outside of the apparatus 3900. The shoe 3940 may comprise any 

30 number of conventional commercial^ available shoes modiGed in accordance 
with the teachings ofthe present disclosure. 
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During operation of the apparatus 3900, the apparatus 3900 is preferably 
lowered into a wellfaore 3960 having a preexisting section of wellbore casing 
3975. In a preferred embodiment, the apparatus 3900 is positioned with at 
least a portion of the tubular member 3925 overlapping with a portion of the 
5 wellbore casing 3975. In this manner, the radial eacpansion of the tubular 
member 3925 will preferably cause the outside surfSBu» of the expanded tubular 
member 3925 to couple with the inside surface of the wdlbore casing 3975. In a 
preferred embodiment, the radial expansion of the tubular member 3925 will 
also cause the slips 3930 and seals 3935 to engage with the iut^or surface of 

10 the wellbore casing 3975. In this manner, the expanded tubular member 3925 
is provided with enhanced structural support by the slips 3930 and an enhanced 
fluid seal by the seals 3935. 

As illustrated in FIG. 24B, after placement of the apparatus 3900 in an 
overlapping relationship with the wellbore casing 3975, a fluidic material 3980 

15 is preferably pumped into tiie chamber 3970. The fluidic mat^al 3980 then 
passes through the fluid passage 3920 into the chamber 3975. The fluidic 
material 3980 then passes out of the chamber 3975, through the fluid passage 
3945, and into the annular region 3970. In a preferred embodiment, the fluidic 
material 3980 is pumped into the chamber 3970 at operating pressures and flow 

20 rates ranging firom about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order 
to optimally provide operational effldency. In a preferred embodiment, the 
fluidic material 3980 conq>rises a hardenable fluidic sealing material in order to 
form a hardened outer aimular member around the expanded tubular member 
3925. 

25 As illustrated in FIG. 240, at some later point in the process, a ball 3985, 

plug or other similar device, is introduced into the pumped fluidic material 
3980. In a preferred embodiment, the ball 3985 mates with and seals off the 
inlet 3965 of the fluid passage 3920. In this manner, tiie chamber 3970 is 
fluididy isolated from the chamber 3975. 

30 As illustrated in FIG. 24D, after placement of the ball 3985 in the inlet 

3965 of the fluid passage 3920, a fliddic material 3990 is pumped into the 
chamber 3970. The fluidic material is preferably pun4>ed into the chamber 
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3970 at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallonsAninute in order to provide optimal operating effidracy. 
The fluidic material 3990 may comprise any number of conventional 
commercially available materials such as, for example, water, drilling mud, 
5 cement, epoxy, or slag mix. In a preferred embodiment, the fluidic material 
3990 comprises a non-hardenable fluidic material in order to maximize 
operational efficiengr. 

Continued pumping of the fluidic material 3990 increases fluidic material 
3980 increases the operating pressture within the chamber 3970. The increased 

10 operating pressure in the chamber 3970 then causes tiie mandrel 3915 to 

extrude the mandrel launcher 3910 and tubular member 3925 off of the conical 
face of the mandrd 3915. The extrusion of the mandrel laimcher 3910 and 
tubular member 3925 off of the conical face of the mandrel 3915 causes the 
mandrel lau^icher 3910 and tubular member 3925 to ^pand in the radial 

15 direction. Gontinuedpumpingof the flmdic material 3990 preferably caiises the 
entire length of the tubular member 3925 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and pressiure of the fluidic 
material 3990 is reduced during the latter stages of the extrusion process in 
order to minimize shock to the apparatus 3900. In a preferred enibodimentt the 

20 apparatus 3900 includes shock absorbers for absorbing the shock caused by the 
completion of the extrusion process. In a preferred embodiment, the extrusion 
process causes the mandrel 3915 to move in an axial direction 3995. 

As illustrated in FIG. 24E» in a preferred embodiment^ upon the 
completion of the extrusion process, the support member 3905, packer 3910, 

25 first fluid conduit 3915, annular seal 3930, second fluid conduit 3935, mandrel 
3945, and mandrel launcher 3950 are removed firom the wellbore 3980. In a 
preferred embodiment^ the resulting new section of wellbore casing includes the 
preexisting wellbore casing 3975, the expanded tubular member 3925, the slips 
3930, the seals 3935, ihe shoe 3940^ and an outer annular layer 4000 of 

30 hardened fluidic material. 
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In an alternative embodiment, the apparatus 3900 is used to repair a 
preexisting wellbore casing or pipeline. In tibds alternative embodiment, both 
ends of the tubular member 3955 preferably include slips 3960 and seals 3965. 

In an alternative embodiment, the apparatus 3900 is used to form a 
5 tubular structural support for a building or offshore structure. 

Referring to FIGS. 25 and 26, the optimal relationship between the angle 
of attack of an expansion mandrel and the minimally required propagation 
pressure during the eq>an8ion of a tubular member wiU now be described. As 
illustrated in PIG. 25, during the radial ejcpansion of a tubular member 4100 by 
10 an expansion mandrel 4105, the expansion mandrel 4105 is displaced in the 
axial direction. The angle of attack a of the conical surface 4110 of the 
expansion mandrel 4105 directly affects the required propagation pressure PpR 
necessary to radially expand tiie tubvdar member 4100. Referring to FIG. 26, 
for typical grades of materials and typical geometries, the propagation pressure 
15 PpR is minimized for an angle of attack of approximately 25 degrees. 

Furthermore, the optimal range of the angle of attack a ranges from about 10 to 
30 degrees m order to minimize the range of required minimum propagation 
pressiure PpR. 

Referring to FIG. 27, an embodiment of an expandable threaded 
20 connection 4300 will now be described. The expandable tlureaded connection 
4300 preferably includes a first tubular member 4305, a second tubular member 
4310, a threaded connection 4315, an 0-ring groove 4320, and an O-ring 4325. 

The first tubular member 4305 includes an inside wall 4330 and an 
outside wall 4335. The first tubular member 4305 preferably comprises an 
25 annular member having a substantially constant waDthickne^^^ The second 
tubular member 4310 includes an inside wall 4340 and an outside wall 4345. 
The second tubular member 4310 preferably comprises an annular member 
having a substantially constant wall thickne^. 

The first and second tubular members, 4305 and 4310, may comprise any 
30 number of conventional commercially available members. In a preferred 
embodiment, the mside and outside diameters of the first and second tubular 
members, 4305 and 4310, are substantially equaL In this manner, the burst 
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strengtli oftiie tubular membera, 4305 and This 
minimizes the possibilily of a catastrophic failure during the radial expansion 
process* 

The threaded connection 4315 may comprise any number of 
5 conventional threaded connections sxiitable for iise with tubular members. In a 
preferred embodiment, the threaded connection 4315 comprises a pin-and-box 
threaded connection. In this manner, the assembly of the first tubular member 
4305 to tixe second tubular member 4310 is optimized* 

The 0-iing groove 4320 is preferably provided in the threaded portion of 
10 theinteriorwaI14340of the second tubular member 4310. The 0-ring groove 
4320 is preferably adapted to receive and support one or more 0-rings* The 
volumetric size of the O-ring groove 4320 is preferably selected to permit the O- 
ring 4325 to expand at least approximately 20% in the axial direction during the 
radial expansion process. In this manner, deformation of the outer surface 
15 4345 of the second tubular member 4310 during and upon the completion of the 
radial expansion process is minimized. 

The 0-ring 4325 is supported by the 0-ring groove 4320. The 0-ring 
4325 optimally ^ures that a fluid-tight seal is maintained between the first 
tubidar member 4305 and the second tubtdar member 4310 throu^out and 
20 upon the completion of the radial expansion process. 

Referring to FIG. 28, an alternative embodiment of an expandable 
threaded connection 4500 will now be described. The expandable threaded 
connection 4500 includes a first tubular member 4505, a second tubular 
mender 4510, a threaded connection 4515, an 0-ring groove 4520, and an O- 
25 ring 4525. 

The first tubular member 4505 include an inside wall 4530 and an 
outside wall 4535. The first tubular m^nber 4305 preferably comprises an 
annular mCTober having a substantial^ constant waU thickness. The second 
tubular member 4510 includes an inside wall 4540 and an outside wall 4545. 
30 The second tubular member 4510 preferably comprises an annular member 
having a substantially constant wall thickness. 
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The first and second tubular members, 4505 and 4510, may comprise any 
number of conventional commerdally available members* In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
members, 4505 and 4510, are substantially equal. In this manner, the burst 
5 strengthofthetubularmembers, 4505 and 4610, are substantially equal. This 
minimizes the possibility of a catastrophic failure during the radial expansion 
process. 

The threaded connection 4515 may comprise any number of 
conventional threaded connections suitable for use vaUx tubular members. In a 

10 preferred embodiment, tiie threaded connection 4515 comprises a pm-and-box 
threaded connection. In this manner, the assembly of the first tubular member 
4505 to the second tubular member 4510 is optimized. 

The 0-ring groove 4520 is preferably provided in tiie threaded portion of 
the interior wall 4540 of the second tubular member 4510 iimnediately adjacent 

15 to an end portion of the threaded connection 4515. In tins manner, the sealing 
effect provided by the O-ring 4525 is optimized. The 0-ring groove 4520 is 
pref^ably adapted to receive and support one or more 0-rings. The volumetric 
size of the O-ring groove 4520 is preferably selected to permit the O-ring 4525 
to expand at least approximately 20% in the axial durection during the radial 

20 expansion process. In this manner, deformation of the outer smface 4545 ofUie 
second tubular member 4510 during and upon the completion of the radial 
expansion process is minimized. 

The O-ring 4525 is supported by the O-ring groove 4520. The O-ring 
4525 optimally ensures that a fluid-tight seal is maintained betwem the first 

25 tubular member 4505 and the second tubular member 4510 throu^out and 
upon the completion of the radial e3q>anaion process. 

Referring to FIG. 29, an alternative embodiment of an expandable 
threaded connection 4700 will now be described. The ^pandable threaded 
connection 4700 includes a first tubular member 4705, a second tubular 

30 member 4710, a threaded connection 4715, an O-ring groove 4720, a first O- 
ring 4725, and a second O-ring 4730. 
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The first tubular member 4705 includes an inside vrall 4735 and an 
outside wall 4740. The first tubular member 4705 preferabbsr conqirises an 
annular member having a substantially constant wall thickness. The second 
tubular member 4710 includes an inside wall 4745 and an outside waU 4750. 
5 The second tubular member 4710 preferably comprises an annular member 
having a substantially constant wall thickness. 

The first and second tubular members, 4705 and 4710, may comprise any 
number of conventional commercially available members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
10 members, 4705 and 4710, are substantially equal. In this manner, the binrst 
strength of the tubular members, 4705 and 4710, are substantial^ equal. This 
minimizes the possibility of a catastrophic failure during the radial expansion 
process. 

The threaded connection 4715 may comprise any number of 

15 conventional threaded connections suitable for use with tubular members. In a 
preferred embodiment, the threaded connection 4715 comprises a pin-and*box 
threaded connection. In this manner, the assembly of the first tubular member 
4705 to l^e second tubular member 4710 is optimized. 

The 0-ring groove 4720 is preferably provided in the threaded portion of 

20 the interior wall 4745 of the second tubular member 4710 immediately adjacent 
to an end portion of the threaded coimection 4715. In this manner, the sealing 
effect provided by the O-rings, 4725 and 4730, is optimized. The O-ring groove 
4720 is prefiarab]^ adapted to receive and support a plurality of 0-rings. The 
volumetric size of the 0-ring groove 4720 is preferably selected to permit the O- 

25 rings, 4725 and 4730, to expand at least ^yproximatety 20% in the axial 

direction during tlie radial expansion process. In this manner, deformation of 
the outer surface 4750 of the second tubular member 4710 during and upon the 
completion of the radial expansion process is minimized 

The 0-rings, 4725 and 4730, are supported by the O-ring groove 4720. 

30 The pair of O-rings, 4725 and 4730, optimally ensure that a fluid*ti^t seal is 
maintained between the first tubular member 4705 and the second tubular 
member 4710 throu^out and upon the completion of the radial expansion 
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process. In particular, the use of a pair of adjacent O-rings provides redundancy 
in the seal between the first tubular member 4705 and the second tubular 
member 4710, 

Referring to FIG. 30, an alternative embodiment of an expandable 
5 threaded connection 4900 will now be described. The expandable threaded 
connection 4900 iadudes a first tubidar member 4905, a second tubtdar 
member 4910, a tiireaded connection 4915, a first 0-ring groove 4920, a second 
0-ring grove 4925, a first O-ring 4930, and a second 0-ring 4935. 

The first tubular member 4905 includes an inside wall 4940 and an 

10 outside wall 4945. The first tubular member 4905 preferabty comprises an 
aimular member haviag a substantially constant wall thickness. The second 
tubular member 4910 includes an inside wall 4950 and an outside wall 4955. 
The second tubular member 4910 preferably comprises an annular member 
having a substantially constant wall thickness. 

15 The first and second tubular members, 4905 and 4910, may comprise any 

number of conventional commercially available tubular members. In a 
preferred embodiment, the inside and outside diameters of the first and second 
tubular members, 4905 and 4910, are substantially equal. In this manner, the 
burst strength of the tubular members, 4905 and 4910, are substantially equal. 

20 This minimizes tiie possibility of a catastrophic failure during the radial 
expansion process. 

The threaded connection 4915 may comprise any nimibOT of 
conventional threaded connections stiitable for use with tubular members. In a 
preferred embodiment, the threaded connection 4915 comprises a pin-and-box 

25 tiireaded connection. In this manna, the assembly of the first tubular member 
4905 to the second tubular merdber 4910 is optimized. 

The first 0-ring groove 4920 is preferably provided in the threaded 
portion of the interior wall 4950 of the second tubular member 4910 that ia 
separated firom an end portion of the threaded connection 4915. In this 

30 manner, the sealing effect provided by the O-rings, 4930 and 4935, is 

optimized. The first 0-ring groove 4920 is preferably adapted to receive and 
support one more O-rings. The volumetric size of the first 0-ring groove 4920 
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is preferably selected to permit the O-ring49S0 to expand at least 
i^prosiinately 20% in the axial direction during the radial eaqiansion process. In 
this manner, deformation of the outer surface 4955 of the second tabular 
member 4910 during and upon the completion of the radial expansion process is 
5 minimized. 

The second 0-ring groove 4925 is preferably provided in the threaded 
portion of the interior wall 4950 of the second tubidar member 4910 that is 
immediatdy adjacent to an end portion of file threaded connection 4915. In 
this manner, the sealing eflFect provided by the O-ric^y 4930 and 4935, is 

10 optimized. The second 0-ring groove 4925 is preferabfy adapted to receive and 
support one more 0*rings. The voltmietric size of the second O-ring groove 
4925 is preferably selected to permit the 0-ring 4935 to expand at least 
approximately 20% in the axial direction during the radial expansion process. In 
this manner, deformation of the outer surface 4955 of the second tubular 

15 member 4910 during and upon tixe completion of the radial expansion process is 
minimized. 

The O-rings, 4930 and 4935, are supported by the Oaring grooves, 4920 
and 4925. The use of a pair of O-rings, 4930 and 4935, that are axially 
separated optimally ensinres that a fluid-ti^t seal is maintained between the 

20 first tubular member 4905 and tiie second tubular member 4910 throu^out - 
and upon the completion of the radial expansion process. In particular, the use 
of a pair of 0-rings provides redundancy in the seal between the first tubular 
member 4905 and the second tubular memb^ 4910. 

In a preferred embodiment, the e^fumdable threaded connections 4300, 

25 4500, 4700, and/or 4900 are used in combination with one or more of the 

embodiments illustrated in FIGS. 1-24E in order to optimal^ expand a pluralily 
of tubular membCTS coupled end to end using the eqiandable threaded 
connections 4300, 4500, 4700 and/or 4900. 

A method of creating a casing in a borehole located in a subterranean 

30 formation has been described that includes installing a tubular liner and a 
mandrel in tiie borehole. A bo4y of fluidic material is then injected into the 
borehole. The tubular liner is then radia^y expanded by extruding the liner off 
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of Hie mandrel. The injecting preferably indudes injectm 
sealing material into an annular region located between the borehole and the 
exterior of the tubular liner; and a non hardenable fluidic material into an 
interior region of the tubular liner below the mandrel The method preferably 
5 includes fluididy isolating the annular region from the interior region before 
injecting tbe second quantity of the non hard^able sealing material into the 
interior region. The injecting the hardenable fluidic sealing niaterial is 
preferably provided at operating pressures and flow rates ranging from about 0 
to 5000 psi and 0 to 1,500 gaUonsymin. The injecting of the non hardenable 

10 fluidic material is preferably provided at operating pressures and flow rates 
ranging from about 500 to 9000 psi and 40 to 3,000 gallons/min. The injecting 
of the non hardenable fluidic material is preferably provided at reduced 
operating pressures and flow rates during an end portion of the extruding. The 
non hardenable fluidic material is preferably injected below the mandrel. The 

15 method preferably indudes pressurizing a region of the tabular liner below the 
mandrel. The region of the tubtdar liner below the mandr^ is preferably 
pressurized to pressures ranging from about 500 to 9,000 psi. The method 
preferably indudes fluidicfy isolating an interior region of the tubular liner 
from an exterior region of the tubular liner. The method further preferably 

20 includes curing the hardenable sealing material, and removing at least a portion 
of tiie cured sealing material located within the tubular liner. The method 
further preferabbr mdudes overlapping the tubular lin» with an existing 
wellbore casing. The method further preferably indudes sealing the overlap 
between the tubular liner and the existing wellbore casing. The method further 

25 preferably indudes supporting the extruded tubular liner tising the ^ 
with the existing wellbore casing* The method fdrther preferably mdudes 
testing the integrity of the seal in the overlap betw^n the tubular liner and the 
existing wellbore casing. The method further preferably indudes removing at 
least a portion of the hardenable fluidic sealing material within the tubular 

30 hner before curing. The method further preferabfy indudes lubricating the 
surface of the mandrd. The method further preferably hidndes absorbing 
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shock. The method further preferab]^ 
completion of the extruding. 

An s^paratus for creating a casing in a borehole located in a 
subterranean formation has been described that includes a support member, a 
5 mandrel, a tubular member, and a shoe. The support member includes a first 
fluid passage. The mandrel is coupled to the support member and includes a 
second fluid passage. The tubular member is coupled to the niandrel. The shoe 
iscoupledto the tubidar liner and includes a third fltiid passage. Thefirst, 
second and third fluid passages are operably coupled. The support member 

10 preferably forthar includes a pressure relief passage, and a flow control valve 
coupled to the first fluid passage and the pressure relief passage. The support 
member further preferably includes a shock absorbs. The support member 
preferably includes one or more sealing members ads^ted to prevent foreign 
material from entering an interior region of the tubular member. The mandrel 

15 is preferably expandable. The tubular member is preferably fabricated from 
materials selected from the group consisting of Oilfield Country Tubular Goods, 
13 chromium steel tubin^casing, and plastic casing. The tubular member 
preferably has inner and outer diameters ranging from about 3 to 15.5 inches 
and 3.5 to 16 inches, respectively. The tubular member preferably has a plastic 

20 yield point ranging from about 40,000 to 135,000 psi. The tubular member ' 
preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
portion. The tubular member preferably includes a catdiing member at an end 
portion for slowing down the mandreL The shoe preferably includes an inlet 

25 portcoupledtothethirdfluidpassage, the inlet port adapted to receive a plug 
for blocking the inlet port. The shoe prrferably is drillable. 

A method of joining a second tabular member to a first tubular member, 
the first tubular member having an inner diamet^ greater than an outer 
diameter of the second tubtdar member, has been described that includes 

30 positioning a mandrel within an interior r^on of the second tubular member, 
positioning the first and second tubular members in an overlapping 
relationship, pressurizing a portion of the interior r^on of the second tubular 
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member; and extruding the second tubular member off of the mandrel into 
engagement with the first tubular member. The pressurizing of the portion of 
the interior region of the second tubular member is preferably provided at 
operating pressures ranging from about 500 to 9,000 psi. The presstirizing of 
5 the portion of the interior region of the second tubular member is preferably 
provided at reduced operating pressures during a latter portion of the 
extruding. The method further preferably indudes sealing Ibe overlap between 
the first and second tubular members. The method further preferably includes 
supporting the extruded first tubular member using the overlap with the second 
10 tubidar member. The method further preferably includes lubricating the 
surface of the mandrel. The method further preferably includes absorbing 
shock. 

A liner for use in creating a new section of wellbore casing in a 
subterranean formation adjacent to an already existing section of wellbore 
15 casing has been described that includes an annular member. The annular 

member includes one or more sealing members at an end portion of the annidar 
member, and one or more pressure relief passages at an end portion of the 
annular member. 

A wellbore casing has been described that indudes a tubular lin^ and an 
20 annular body of a cured fliddic sealing material. The tubular liner is formedlsy 
the process of extruding the tubular liner off of a mandrel. The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel 
within the wellbore, and pressurizing an interior portion of the tubular liner. 
The annular body of the cured fluidic sealing material is preferably formed by 
25 the process of injecting a body of hardenable fluidic sealing material into an 
annular region external of the tubular liner. During the pressurizing, tibe 
interior portion of the tubular hner is pref^ably fluididy isolated from an 
exterior portion of the tubular liner. The interior portion of tiie tubular liner is 
preferably pr^surized to pressures ranging from about 500 to 9,000 psi. The 
30 tubular liner preferably overlaps witii an existing wellbore casing. The wellbore 
casing preferably further indudes a seal positioned in the overiap between the 
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tubular liner and the esisting vrellbore casing. Tubular liner is preferab^ 
supported the overlap with the existing weUbore casing. 

A method of repairing an existing section of a weUbore casing within a 
borehole has been described that includes installing a tubular liner and a 
5 mandrel within the wdlbore casing, injecting a body of a fluidic material into 
the borehole, pressurizing a portion of an interior region of the tubular liner, 
and radially expanding the liner in the borehole by extruding the liner ofif of the 
ntmndrel. In a preferred embodiment^ the fluidic material is selected from Hie 
group consisting of slag mix, cement^ drilling mud, and epoxy. In a preferred 

10 raabodiment, the method further includes fluididy isolating an int^or r^on 
of the tubular liner from an exterior region of the tubular liner. In a preferred 
embodiment, the injecting of the body of fluidic material is provided at 
operating pressures and flow rates ranging from about 500 to 9,000 psi and 40 
to 3,000 gallons/min. In a preferred embodiment, the injecting of the body of 

15 fluidic material is provided at reduced operating pressures and flow rates 

during an end portion of tiie extrading. In a preferred embodiment, the fluidic 
material is injected below the mandrel. In a preferred embodiment, a region of 
the tubular liner below the mandrel is pressurized. In a preferred embodiment, 
the region of the tubular liner below the mandrel is pressurized to pressures 

20 ranging from about 500 to 9,000 psi. In a preferred embodiment, the method 
further includes overlapping the tubular liner with the exiisting weUbore casing. 
In a preferred embodiment, the method further includes sealing the interface 
between the tubular liner and the existing wellbore casing. In a preferred 
embodiment^ the method furth^ includes supporting the extruded tubular Uner 

25 using the existing wellbore casing. In a preferred embodim»t,tlie method 
further indudes testmg the intc^ty of the seal in the interface between the 
tubular liner and the existing wellbore casing. In a preferred embodiment, 
method further indudes lubricating the surfoce of Ihe mandrel In a jnreferred 
embodiment, the method further indudes absorbing shock. In a preferred 

30 embodiment, the method further indudes catching the mandrel upon the 
completion of the extruding. In a preferred embodiment, the method further 
indudes expanding the mandrd in a radial direction* 
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A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubidar liner and an annular body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular 
linOT off of a mandrel. The annular body of a cured fluidie sealing material is 
5 coupled to the tubular liner. In a preferred embodiment, the tubidar liner is 
formed by the process of placing the tubular liner and mandrel within the 
wellbore, and pressurizing an interior portion of the tubidar liner. In a 
preferred embodiment, during the pressurizingi the interior portion of the 
tubular liner is fluididy isolated from an ext^or portion of the tubular liner. 

10 In a preferred embodiment, the interior portion of the tubular liner is 

pressurized at pressures ranging from about 500 to 9,000 psi. In a preferred 
embodiment, the anniilar body of a cured fluidic sealing material is formed by 
the process of injecting a body of hardenable fluidic sealing material into an 
Ann ular region between the existing wellbore casing and the tubular liner. In a 

15 preferred embodiment, llie tubular liner overlaps with another existing 

wellbore casing. In a preferred embodiment, the tie-back liner further includes 
a seal positioned in the overlcq^) between the tubular liner and the other existing 
wellbore casing. In a preferred embodiment, tubtilar liner is supported by the 
overlap with the other existing wellbore casing. 

20 An apparatus for expanding a tubular member has been described that 

includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
support member. The mandrel mdudes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The 

25 interior portion ofthe mandrel is drillable. The tubular member is coupled to 
themandreL The shoe is coupled to the tubular monber. The shoe includes a 
third fluid passage operably coupled to the second fluid passage, an interior 
portion, and an exterior portion. The interior portion ofthe shoe is drillable. 
Preferably, the interior portion of the mandrel inchides a tubular menJber and a 

30 load bearing memba. Preferably, the load bearing member comprises a 
drillable boc^y- Preferably, the mterior portion of tbe shoe indudes a tubular 
member, and a load bearing member, Prefoably, the load bearing member 
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conqxrises a drillable body. Preferably, the exterior portion of the mandrel 
comprises an e:q>ansion cone. Preferably, the expansion cone is fabricated firom 
materials selected firom the group consisting of tool steel, titanium, and 
ceramic. Preferably, the expansion cone has a surface hardness ranging from 
5 about 58 to 62 Rockwell C« Preferably at least a portion of the apparatus is 
drillabla 

A wellhead has also been described that includes an outer casing and a 
plurality of substantia% concentric and overlapping inner casings coupled to 
Ihe outer casing. Eadi inner casing is supported by contact pressure between 

10 an outer surface ofihe inner casing and an inner sur£EU» of the outer casm^ In 
a prefored embodiment, the outCT casing has a yield strength ranging from 
about 40,000 to 135,000 psi. In a preferred embodiment, the outer casing has a 
burst strength ranging from about 5,000 to 20,000 psi. In a preferred 
embodiment, the contact pressure between the inner casings and the outer 

15 casing ranges from about 500 to 10,000 psL In a preferred embodiment^ one or 
more of the iimer casings include one or more sealing members that contact 
vdth an inner stnrface of the outer casing. In a preferred embodiment, the 
sealing members are selected from the group consisting of lead, rubber, Teflon, 
epoxy, and plastic. In a preferred embodiment, a Christmas tree is coupled to 

20 the outer casing In a preferred embodiment, a drilling spool is coupled to the 
outer casing. In a preferred embodim^t, at least one of the inner casings is a 
production casing. 

A wellhead has also been described that includes an outer casing at least 
piartially positioned within a weUbore and a plurality of substantial^ concentric 

25 inner casings coupled to the interior surface of the outeac casing by the process 
of escpanding one or more of the inner casings into contact with at least a 
portion of the interior surface of the outer casing. In a preferred embodiment, 
the inner casings are expanded by ^truding the inner casings ofTof a mandrd. 
In a preferred embodiment, the inner casings are expanded by the process of 

30 placing the inner casing and a mandrel within the weUbore; and pressurizing an 
interior portion of the inner casing. In a preferred embodiment, diuring the 
pressurizing, tiie interior portion of the inner casing is ftuididy isolated from an 
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exterior portion of the inner casing. In a preferred embodiment, the interior 
portion of the inner casing is pressurized at pressures ranging from about 500 
to 9,000 psi. In a preferred embodiment, one or more seals are positioned in the 
interface between the inner casings and the outer casing. In a preferred 
5 embodiment, the inner casings are supported by their contact with the outer 
casing. 

A method of forming a wellhead has also been described that includes 
drilling a wellbore. An outer casing is positioned at least partially within an 
upper portion of the wellbore. A first tubular member is positioned within the 

10 outer casing. At least a portion of the first tubular member is expanded into 
contact with an interior surface of the outer casing* A second tubular member 
is positioned within the outer casing and I3ie first tubular member. At least a 
portion of the second tubtdar member is expanded into contact with an interior 
portion of the outer casing. In a preferred embodiment, at least a portion of the 

15 interior of the first tubular member is pressurized. In a preferred 

embodiment, at least a portion of the interior of the second tubular member is 
pressurized. In a preferred embodiment, at least a portion of the interiors of 
Uie first and second tubtdar members are pressurized. In a preferred 
embodiment^ the pressurizing of the portion of the interior region of the first 

20 tubular member is provided at operating pressures ranging from about 500 to 
9,000 psi. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the second tubular member is provided at operating pressures 
ranging from about 500 to 9,000 psi. In a preferred embodiment, the 
pressurizing of the portion of the interior region of the first and second tubular 

25 members is provided at operating pressures ranging from about 500 to 9,000 
psL In a preferred embodiment, the pressurizing of the portion of the interior 
region of the first tubular member is provided at reduced operating pressures 
duringalatter portion of the eapanaion. In a preferred ^nbodunent, the 
pressurizing of the portion of the interior r^on of the second tubular member 

30 is provided at reduced opiating pressures during a latter portion of the 
expansion. In a preferred embodiment, the pressurizing of ihe portion of the 
interior region of ihe first and second tubular members is provided at reduced 
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operating pressures during a latter portion of the expansions. In a preferred 
embodiment, the contact between the first tubular member and the outer 
casing is sealed. In a preferred embodiment, the contact between tihte second 
tubular member and the outer casing is sealed. In a preferred embodiment, the 
5 contact between the first and second tubular members and the ont&t casing is 
sealed. In a prefOTed embodiment^ the expanded first tubular member is 
supported using the contact with the outer casing. In a preferred embodiment, 
the expanded second tubular member is supported using the contact with the 
outer casing. In a preferred embodiment, the expanded first and second tubular 

10 menibers are supported ixsing their contacts with the outer casing. In a 

preferred embodiment, the first and second tubular members are extruded off 
of a mandrel. In a preferred embodiment, the surface of the mandrel is 
lubricated. In a preferred embodiment, shock is absorbed. In a preferred 
enibodiment, the mandrel is expanded in a radial direction. Inapreferred 

15 embodiment, the first and second tubular members are positioned in an 

overlapping relationship. In a preferred embodimait, an interior r^on of the 
first tubular manber is fluididy isolated firom an exterior r^on of the first 
tubidar member. In a preferred embodiment^ an interior region of the second 
tubtdar member is fluididy isolated firom an exterior region of the second 

20 tubular member. In a preferred embodiment, the interior region of the first " 
tubular member is fluididy isolated fi'om the region exterior to the first tubular 
member by injecting one or more plugs into the interior of the first tubular 
member. In a preferred anbodiment, the interior region of the second tubtdar 
member is fluidicly isolated firom the region exterior to the second tubular 

25 meniber by iiqectmg one or more plugs into the interior of the seco 

member. In a preferred embodimenti the pressurizing of the portion of the 
interior region of the first tubular member is provided by injecting a fluidic 
material at operating pressures and flow rates ranging from about 500 to 9,000 
psi and 40 to 3,000 gallons/minute. In a preferr^ embodiment, the 

30 pressurizing of the portion of the interior region of the second tubular m^nber 
is provided 1^ injecting a fluidic material at operating pressures and flow rates 
ranging firom about 500 to 9,000 psi and 40 to 3,000 gaUonsAninute. In a 

-257- 



25791^3.02 



preferred embodiment, fluidic material is injected b^nd the mandreL In a 
preferred embodiment^ a r^on of the tubular members beyond the mandrel is 
pressiurized. In a prefenred embodiment, the region of the tubular members 
beyond the mandrel is pressurized to pressures ranging firom about 500 to 9,000 
5 psi. In a preferred embodiment, the first tubtdar member comprises a 

production casing* In a preferred embodiment, the contact between the first 
tubularmember and the outer casing is sealed. In a preferred embodimwt^ the 
contact between the second tubular member and the outer casing is sealed. In a 
preferred embodiment^ the ea^anded first tubular memb^ is supported using 

10 the outer casing. In a prefenred embodiment^ the expanded si^nd tubular 
member is supported using the outer casing. In a preferred embodiment, the 
integrity of the seal in the contact between the first tubular member and the 
outer casing is tested. In a preferred embodiment, the integrity of the seal in 
the contact between the second tubular member and the outer casing is tested. 

15 In a preferred embodiment^ the mandrel is caught upon the completion of the 
extruding. In a preferred embodiment, the mandrel is drilled out. In a 
preferred embodiment, the mandrel is supported with coiled tubing. In a 
preferred embodiment, the mandrd is coupled to a drillable shoe. 

An apparatus has also been described that includes an outar tubular 

20 member, and a plurality of substantially concentric and overlapping inner " 
tubtdar members coupled to the out^ tubular member. Each inner tubular 
member is supported by contact pressure between an outer surface of the inner 
casing and an ixmer surface of the outer inner tubular member. In a preferred 
embodiment, ihe outer tubular memb^ has a yield strength ranging firom about 

25 40,000 to 135,000 psL In a preferred embodiment, the outer tubular memba 
has a burst strengtii ranging from about 5,000 to 20,000 psi. In a prefixed 
embodiment, the contact pressure between the inner tubular members and the 
outer tubular member ranges from about 500 to 10,000 psi. In a prefored 
embodiment, one or more of the inner tubiilar members include one or more 

30 sealing members that contact with an inner surface of the outer tubular 
member. In a preferred raibodiment, the sealing members are selected firom 
the group consisting of rubber, lead, plastic, and eposy. 
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An apparatus has also been described that indudes an outer tubidar 
member, and a plurality of substantiaUy concentric inner tubular members 
coupled to the intmor surface of the outer tubular member by the process of 
expanding one or more of the inner tubular members into contact with at least 
5 a portion of the interior surface of the outer tubular member. In a preferred 
embodiment, the mner tubular members are expanded by extruding the inner 
tubular members off of a mandrel In a preferred embodiment, the inner 
tubular members are expanded the process of: placing the inner tubular 
membersandamandrel within the outer tubular member; and pressurizing an 

10 interior portion of the inner casing. In a preferred embodiment, during the 
pressurizing, the interior portion of the inner tubular member is fluididy 
isolated from an exterior portion of the inner tubular member. In a preferred 
embodiment^ the interior portion of th^ inner tubular member is pressurized at 
pressures ranging from about 500 to 9,000 psi« In a prefmred embodiment^ the 

15 apparatus further indudes one or more seals positioned in the interface 
between the inner tubular members and the outer tubular membw. In a 
preferred embodiment^ the inner tubular members are supported by their 
contact with the outer tubular member. 

A wellbore casing has also been described that includes a first tubular 

20 member, and a second tubular member coupled to the first tubular member in 
an overlapping relationship. The inner diameter of the first tubular member is 
substantially equal to the inner diameter of the second tubular member. In a 
preferred embodiment, the first tubular member indud^ a first thin wall 
section, wherein the second tubular member indudes a second thin wall section, 

25 and wherein the first thin wall section is coupled to the second thin wall 
section. In a jireferred embodiment, first and second thin wall sections are 
deformed. In a preferred embodiment, the first tubular member indudes a first 
compressible m^nb» coupled to the first thin wall section, and wherein the 
second tubular member indudes a second compressible member coupled to the 

30 second thin wall section. In a preferred embodiment, the first thin wall section 
and llie first compressible m&aaber are coupled to the second thin wall section 
and the second comprrasible member. In a preferred embodiment^ the first 
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and second thin wall sections and the first and second compressible members 
are deformed. 

A wellbore casing has also been described that includes a tubular 
member including at least one thin wall section and a thick wall section, and 

5 a compressible annidar member coupled to each thin wall section. In a 
preferred embodiment, the compressible annular member is fabricated from 
materials selected from the group consisting of rubber, plastic, metal and eposy. 
In a preferred embodiment, the wall thickness of the thin wall section ranges 
from about 50 to 100 % of the wall thickness of the thick wall section. In a 

10 preferred embodiment, the length of the tiiin wall section ranges from about 
120 to 2400 inches. In a preferred embodiment, the compressible annular 
m«nb» is positioned along tiie thin wall section. In a preferred embodiment, 
the compressible annular member is positioned along the thin and thick wall 
sections. In a preferred embodiment, the tubular member is fabricated from 

15 materials selected from the group consisting of oilfield country tubular goods, 
stainless steel, low alloy steel, carbon sted, automotive grade steel, plastics, 
fiber^ass, Hig^ strength and/or deformable materials. In a preferred 
embodiment, the wellbore casing includes a first thin wall at a first end of the 
casing, and a second thin wall at a second end of the casmg. 

20 A method of creating a casing in a borehole located in a subterranean " 
formation has also been described that mcludes supporting a tubular liner and a 
mandrel in the borehole using a support member, injecting fluidic material into 
the borehole, pressurizing an interior region of the mandrel, displacing a 
portion of the mandrel relative to the support member, and radially expanding 

25 the tubular liner. In a preferred embodiment, the injecting includes injecting 
hardenable fluidic sealing material into an annular region located between the 
borehole and the exterior of the tubular Hner, and mjecting non hardenable 
fluidic material into an interior region of the mandrel In a preferred 
embodiment, the method fiirther includes fluididy isolating the annular region 

30 from the interior region before injecting tiie non hardenable fluidic material 
into tiie interior region of the mandrd. In a preferred embodiment, the 
iiyecting of the hardenable fluidic sealing material is provided at operating 
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pressures and flow rated ranging from about 0 to SfiOO psi and 0 to 1,500 
gallons/min. In a preferred embodiment^ the injecting of the non hardenable 
fluidic material is provided at operating pressures and flow rates ranging from 
about 500 to 9,000 psi and 40 to 3,000 gallons^nin. In a preferred embodiment, 
5 the injecting of the non hardenable fluidic material is provided at reduced 
operating pressures and flow rates during an end portion of the radial 
expansion. In a preferred embodiment^ the fluidic material is injected into one 
or more pressure chambers. In a preferred embodiment^ the one or more 
pressure chambers are pressurized. In a preferred embodiment^ the pressure 

10 chambers are pressurized to pressures ranging from about 500 to 9,^^ In 
a preferred embodiment, the method fturther includes fluidic^ isolating an 
interior r^on of the mandrel firom an exterior region of the mandrel. In a 
preferred embodiment, the interior region of the mandrel is isolated from the 
r^on exterior to the mandrel by inserting one or more plugs into the injected 

15 fluidic material. In a preferred embodiment, the method further includes 
curing at least a portion of the fluidic material, and removing at least a portion 
of the cured fluidic material located within the tubular liner. In a preferred 
embodiment, the method fiuilier includes overlapping the tubular liner with an 
existing wellbore casing. In a preferred embodiment^ the method further 

20 includes sealing the overlap between the tubular liner and the existing wellbDre 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the overlap with ihe existing wellbore casing. In a 
preferred embodiment, the method further indedsag the integrity of the seal in 
the overlap between the tubular liner and the existing wellbore casing. In a 

25 preferred embodiment^ the method further indudra removing at least a portion 
of the hardenable fluidic sealing material witiiin tihe tubular Uner before curing. 
In a preferred embodiment^ the method further includes lubricating the surface 
of the mandrd. In a preferred embodiment, the method furUier includes 
absorbing shock. In a preferred embodiment, the metiiod further includes 

30 catching the mandrel upon the completion of tiie extruding. In a preferred 
embodiment, the method further includes drilling out tiie mandrel. In a 
preferred embodiment, the method fkirther includes supporting the mandrd 

.26i- 



25791^.02 



with coiled tubing. In a prefened embodiment, the mandi^lredprocatra In a 
preferred embodiment, the mandrd is displaced in a first direction during the 
pressurization of the intoior r^on of the mandrel, and the mandrel is 
displaced in a second direction during a de-pressurization of the interior region 
5 of the mandrel. In a preferred embodiment, the tubular liner is maintained in a 
substantially stationary position during the pressurization of the interior region 
of the mandrd. In a preferred embodiment, the tubular liner is supported by 
the mandrel durmg a de-pressurization of the interior r^on of the mandrel. 
A weUbore casing has also hem described that indudes a first tubular 

10 memb w having a first inside diameter, and a second tabular member having a 
second inside diameter substantially eqpial to the first innde diameter coupled 
to the first tubular m^nber in an overlapping relationship. The first and 
second tubular members are coupled by the process of deforming a portion of 
the second tubular member into contact with a portion of the first tubular 

15 member. In a preferred embodiment, the second tubular member is deformed 
by the process of placing the first and second tubular members in an 
overlapping rdation ship, radially espanding at least a portion of the first 
tubular member, and radially eq>anding the second tubtdar membor. In a 
prderred embodiment, the second tubular monber is radially expanded by the 

20 process of supporting the second tubular member and a mandrel within the - 
wellbore using a support member, injecting a fluidic material into the wellbore, 
pressurizing an interior region of the mandrel, and displacing a portion of the 
mandrel relative to Oxe support member. In a preferred embodiment, the 
injecting indudes injecting hardenable fluidic seahng material into an annular 

25 region located between the bordiole and the exterior of the second liner, and 
ix^ecting non hardenable fluidic material into an interior r^on of the mandrd. 
In a prefored embodiment, the virdlbore casing finrther indudes flmdidy 
isolating the annular r^on firan the mterior r^on of the mandrd before 
injecting the non hardenable fluidic materid into the ulterior r^on of the 

30 mandreL In a preferred embodiment, the nyecting of the hardenable fluidic 
sealing material is provided at operating pressures and flow rates ranging firom 
about 0 to 5,000 psi and 0 to 1,600 gallons/min. In a preferred embodiment, the 
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injecting of the non hardenable fluidic material is provided at operating 
pressures and flow rates ranging from about 500 to 9,000 psi and 40 to 3,000 
gallons/min. In a preferred embodiment, the injecting of the non hardenable 
fluidic material is provided at reduced operating pressures and flow rates 
5 dturing an end portion of the radial expansion. In a preferred embodiment, the 
fluidic material is iiyected into one or more pressure chambers. In a preferred 
embodiment, one or more pressure diambers are pressurized. In a preferred 
embodiment, the pressure chambers are pressurized to pressures ranging from 
about 500 to 9,000 psi. In a preferred embodiment, the weUbore casing further 

10 includes fluididy isolating an interior region of the mandrel from an exterior 
region of the mandrel. In a preferred embodiment, the interior region of the 
mandrel is isolated from the region exterior to the mandrel by inserting one or 
more plugs into the injected fliddic material. In a preferred embodiment, the 
wellbore casing further includes curing at least a portion of the fluidic material, 

15 and removing at least a portion of the cured fluidic material located wifhin the 
second tubidar liner. In a preferred embodiment, the weUbore casing furtiier 
includes sealing the overlap between the first and second tubular linos. In a 
preferred embodiment, the wellbore casing further indudes supporting the 
second tubular liner using the overlap with the first tubular liner. In a 

20 preferred embodiment, the wellbore casing further includes testing the 

integrity of the seal in the overlap between the first and second tubular liners. 
In a preferred embodiment, the wellbore casing furtiier indudes removing at 
least a portion of the hardenable fluidic sealing material within the second 
tubular liner before curing. In a preferred ^nbodiment, the weUbore casing 

25 finrther indudes hibricating the sur£BU» of the mandrdL Inaprrferred 
CTobodiment, the wellbore casing further indudes absorbing shoc^ In a 
preferred embodiment, the wellbore casing fiirther indudes catdiing the 
mandrd upon the completion of the radial e]q)ansion. In a preferred 
embodiment, the wellbore casing further indudes drilling out the mandrel. In a 

30 preferred embodiment, the wellbore casing further indude supporting the 
mandrd with cofled tubing. In a preferred embodiment, the mandrd 
redprocates. In a pr^ored embodiment, the mandrel is displaced in a first 
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direction during the pressurization of the interior r^on of tiie mandrd; and 
wherein the mandrel is displaced in a second direction during a de- 
pressurization of the interior region of the xoandrel. In a preferred 
embodiment, the second tubular liner is maintained in a substantially 

5 stationaiy position during the pressurization of the interior region of the 
mandrel. In a preferred embodiment, the second tubular Una: is supported by 
the mandrel during a de-pressurizotion of the interior r^on of the mandrel. 

An apparatus for expanding a tubular member has also been described 
that includes a support member including a fluid passage^ a mandrel movably 

10 coupled to the support member including an espanaion cone, at least one 
pressure chamber defined by and positioned between the support member and 
mandrel fluididy coupled to the first fluid passage, and one or more releasable 
supports coupled to the support member adapted to support the tubular 
member. In a preferred embodiment, the fluid passage includes a throat 

15 passage lutving a reduced inner diameter. In a pr^erred onbodiment, the 
mandrd includes one or more annular pistons. In a preferred embodim^t, the 
sq)paratus includes a pluralily of pressure diambers. In a preferred 
embodiment, the pr^ure chanibers are at least partially defined by annular 
pistons. In a preferred embodiment, the releasable supports are positioned 

20 below the mandrel. In a preferred embodiment, the rdeasable supports are ' 
positioned above the mandrel. In a preferred embodiment, the releasable 
supports comprise hydraulic sUps. In a preferred embodiment, the releasable 
supports comprise mechanical slips. In a preferred embodiment, the releasable 
supports comprise drag blocks. In a preferred embodimmt, the mandrel 

25 includes one or more annular pistons, and an expansion cone coupled to the 
annular pistons. In a preferred embodimoit, one or more of the annular 
pistons include an expansion cone. In a preferred onbodiment, the pressure 
chambers comprise afimilar pressure c h a mb ers. 

An apparatus has also been described that includes one or more solid 

30 tubular menib»s, each solid tubular member mduding one or more external 
seals, one or more slotted tubular membCTs coupled to the solid tubular 
members, and a shoe coupled to one of the slotted tubular members. In a 
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preferred embodiment^ the apparatus further indildes one or more 
intermediate solid tubular members coupled to and interleaved among the 
slotted tubular members, each intermediate solid tubular memb^ including 
one or more external seals. In a preferred embodiment, the apparatus further 
5 includes one or more valve members. In a preferred embodiment^ one or more 
of the intermediate solid tubular members include one or more valve members. 

A method of joining a second tubular meniber to a first tubular member^ 
the first tubular m^ober having an iimer diameter greater than an outer 
diameter of the second tubular member, has also been described that includes 

10 positioning a mandrel within an interior r^on of the second tubular member, 
pressurizing a portion of the interior region of the mandrel, displacing the 
mandrel relative to the second tubular member, and extruding at least a portion 
of the second tubular member off of the mandrel into engagement with the first 
tubular member. In a preferred embodiment^ the pressurizing of the portion of 

15 the interior region of the mandrel is provided at operating pressures ranging 
from about 500 to 9,000 psL In a preferred embodiment^ the pressurizing of the 
portion of the interior region of the mandrel is provided at reduced opiating 
pressures during a latter portion of the extruding. In a preferred embodiment, 
the method further includes sealing the interface between the first and second 

20 tubular members. In a preferred embodiment^ the method further includes " 
supporting the extruded second tubular member using tile interface with the 
first tubidar member* In a preferred embodiment^ the method further includes 
lubricating the surface of the mandrel In a preferred enibodiment, Hxe method 
furth^ includes absorbing shodc. In a preferred embodiment, the method 

25 further includes positioning the first and second tubular members in an 
overlapping relationship. In a preferred embodiment, the method further 
includes fluididy isolating an interior region of the mandrel an exterior region 
of the mandrel. Inapreferredembodiinent, the interior r^on of the mandrel 
is fluididty isolated from the r^on exterior to the mandrel by injecting one or 

30 more plugs into the interior of tiie mandrel. In axxrefored^nbodiment^ the 
pressurizing of the portion of tiie interior region of the mandrel is provided hy 
im'ecting a fluidic material at operating pressures and flow rates ranging firom 
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about 500 to 9,000 psi and 40 to 3,000 gallons/minute. In a preferred 
embodiment, the method further includes injecting fluidic material b^ond the 
mandrel. In a preferred embodiment, one or more pressure chambers defined 
by the mandrel are pressurized. In a preferred embodiment, the pressure 

6 chambers are pressurized to pressiures ranging from about 500 to 9,000 psi. In 
a preferred embodiment, the first tubular member comprises an existing section 
of a wellbore. In a preferred embodiment, the method fiirfcher includes sealmg 
the interface between the first and second tubular members. In a preferred 
embodiment, the method further includes supporting the extruded second 

10 tubularmember using the first tubular member. In a preferred embodiment, 
the method further includes testing the integrity of the seal in the interface 
between the first tubular member and the second tubular member. In a 
preferred embodiment, the method further includes catching the mandrel upon 
the completion of the eztrading. In a prefored embodiment, the method 

15 further includes drilling out the mandrel. In a preferred enobodiment, the 
method further include supporting the mandrel with coiled tubing. In a 
preferred embodiment, the method further includes coupling the mandrel to a 
drillable shoe. In a preferred CTobodiment, the mandrel is displaced in the 
longitudinal direction. In a preferred embodiment, the mandrel is displaced m 

20 a first direction during the pressurization and in a second direction during a'de- 
pressurization. 

An apparatus has also been described that includes one or more primary 
solid tubulars, each primary solid tubular including one or more external 
annular seals, n slotted tubulars coupled to tbe primary solid tubulars, n-1 
25 intermediate solid tubulars coupled to and interleaved among the slott^ 
tubulars, each intermediate solid tubular including one or more eartemal 
annular seals, and a shoe coupled to one of the slotted tubidars. 

A method of isolating a first stibterranean zone firom a second 
subterranean zone in a wellbore has also been described that indudes 
30 positioning one or inore primary soUd tubulars within the wellb^ 

solid tubulars traversing the first subterranean zone, positioning one or more 
slotted tubulars within the wellbore, the slotted tubulars traversing the second 
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subterranean zone, fiuididy coupling the slotted tubulars and the solid 
tubulars, and preventing the passive of fluids from the first subterranean zone 
to the second subterranean zone within the wellbore external to the solid and 
slotted tubulars. 

5 A method of extracting materials from a producing subterranean zone in 

a wellbore, at least a portion of the wellbore including a casing, has also been 
described that includes positioning one or more primaiy solid tubulars within 
the wellbore, fluidicly coupling the primary solid tubulars with the casing, 
positioning one or more slotted tubulars within the wellbore, the slotted 

10 tubulars traversing the producing subterranean zone, fluidicly coupling the 
slotted tubulars with the solid tubulars, fluidicly isolating the producing 
subterranean zone from at least one other subterranean zone within the 
wellbore, and fluidicly coupling at least one of the slotted tubulars from the 
produdng subterranean zone. In a preferred embodiment, the method further 

15 includes controUably fluidicly decoupling at least one of the slotted tubidars 
from at least one other of the slotted tubulars. 

A method of creating a casing in a borehole while also drilling the 
borehole also has been described that includes installing a tubidar liner, a 
mandr^ and a drilling assembly in the borehole. A fliddic material is injected 

20 within the tubular hner, mandrel and drilling assembly. At least a portion of 
the tubular liner is radially expanded while the borehole is drilled using the 
drilling assembly. In a preferred embodiment, the ii^ecting indudes injecting 
the fluidic material within an expandable chamber. In a preCmred embodiment, 
the injecting includes injecting hardenable fluidic sealing material into an 

25 annular r^on located between the borehole and the exterior of the tubular 
liner. In a preferred embodiment, the ixqecting of the hardenable fluidic sealing 
material is provided at operating i^essures and flow ratra ranging from about 0 
to 5,000 psi and 0 to 1,500 gallons/min. In a prefored embodimcaiti the 
injecting of the fluidic material is provided at operating pressures and flow rates 

30 ranging from about 500 to 9,000 psi and 40 to 3,000 gallons/min. In a preferred 
embodiment, the injecting of the fluidic material is provided at reduced 
operating pressures and flow ratra during an end portion of the radial 
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expansion. In a prefened embodiment^ tiie method ft^^ 
least a portion of the fluidic material; and removing at least a portion of the 
cured fluidic material located within the tubular liner. In a preferred 
embodiment, the method further includes overlapping the tubxilar liner with an 
5 existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the overlap between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
struded tubtdar liner using the overlap with the existing wellbore casing. In a 
preferred embodiment^ the method further includes testing the integrity of the 

10 seal in the overlap betwem the tubular liner and the existing wellbore casing. 
In a prefixed embodiment, the method further includes lubricating the surface 
of the mandrel. In a preferred embodiment, the method further includes 
absorbing shock. In a preferred embodiment, the method further includes 
catching the mandrel upon the completion of the detruding. In a preferred 

15 embodiment, the mediod further includes expanding the mandrel in a radial 
direction. In a preferred embodiment, the method further includes drilling out 
the mandrel. In a preferred embodiment, the method further includes 
supporting the mandrel with coiled tubing. In a prrferred embodiment, the 
wall thiVkneflft of the tubular memb^ is variable. In a preferred embodiment, 

20 the mandrel 13 coupled to a drillable shoe. 

An apparatus has also been described that includes a support member, 
the support member including a first fluid passage; a mandrel coupled to the 
support memb», the mandrel induding: a second fluid jmssage; a tubular 
member coupled to the mandrd; and a shoe coupled to ihe tubular liner, the 

25 shoe including a third fluid passage; and a drilling assembly coupled to tlie shoe; 
wherein the first, second and third fhiid passage and the drilling assembly are 
operably coupled. In a preferred embodim^t, iihe support member farther 
includes: a pressure relief parage; and a flow control valve coupled to the first 
fluid passage and Hie pressure relief passage. In a preferred embodiment, the 

30 support member further includes a shock absorber. In a prefixed embodiment, 
the support member indudes one or more sealing members adapt>ed to prevent 
foreign material firom entmng an interior region of the tubular member. In a 
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preferred embodiment^ the support member includes one or more stabilizers. 
In a preferred embodiment, the mandrel is expandable. In a preferred 
embodiment, the tubular member is fabricated froni materials selected from the 
group consisting of Oilfield Cotmtry Tubular Goods, automotive grade steel, 
5 plastic and chromium steel. In a prefmred embodiment, the tubular member 
has inner and outer diameters ranging from about 0.75 to 47 indies and 1.05 to 
48 indies, respectively. In a preferred embodiment^ the tubtilar member has a 
plastic yield point ranging firom about 40,000 to 135,000 psi In a preferred 
embodiment, the tubular member indudes one or more sealing members at an 

10 end portion. In a preferred embodiment, the tubtdar member indudes one or 
more pressure relief holes at an end portion. In a preferred embodiment, the 
tubiilar member includes a catching member at an end portion for slowing 
down movement of the mandrel. In a preferred embodiment, the support 
mCTEiber comprises coiled tubing. In a preferred embodiment, at least a portion 

15 of the mandrel and shoe are drillable. In a preferred embodiment^ the wall 
thickness of the tubular member in an area ai^acent to the mandrel is less than 
the wall thickness of the tubular member in an area that is not adjacent to the 
mandrel. In a preferred embodiment, the apparatus further indudes an 
expandable chamber. In a preferred embodiment, the expandable chamber is 

20 approximately cylindrical* In a preferred embodimrat, the expandable 
chamber is approximately annular. 

A method of forming an imderground pipeline within an undergroimd 
tunnel induding at least a first tabular member and a second tubular member, 
the first tiibular member having an inner diameter greater than an outer 

25 diameter of tiie second tubular member, has also be» described tiiat indudes 
positioning the first tubular m^nber within the tunnel; positioning the second 
tubular member within tiie tunnd in an overlapping relationship with the first 
tubular member; positioning a mandrel and a drilling assembly within an 
interior region of tiie second tubular membg; injecting a fluidic matmal witiiin 

30 the mandrel, drilling assembly and tiie second tubular member; extruding at 
least a portion of the second tubular member off of the mandrel into 
engagementwith the first tubular m^nber, and drilling the tu^ Ina 
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preferred embodiment, the iQjectmg of the fluidic material is provided at 
operating pressures ranging from about 500 to 9,000 psi. In a preferred 
embodiment, the injecting of the fluidic material is provided at reduced 
operating pressures during a latter portion of the extruding. In a preferred 
5 embodim^t, the method fiirther indudes sealing the interface betwe^ the 
first and second tubular members. In a preferred CTibodxment, the method 
further indudes supporting the extruded second tubtdar member using the 
interface with the first tubular member. In a preferred embodiment, the 
method farther indudes lubricating the surface of the mandrel In a preferred 

10 embodiment, the method further includes absorbing shodc In a preferred 
embodiment, the method ftuilier indudes espanding the mandrel in a radial 
direction. In a preferred embodiment, the method further includesealing tiie 
intofoce between the first and second tubular members. In a preferred 
embodimoit, the method fiirther indudes supporting the extruded second 

15 tubular member using the first tubular member. In a prrferred enibodiment, 
the method furth^ indudes testing the integrity of the seal in the interface 
betweoi the first tubular member and the second tubular member. In a 
preferred embodiment, the method forther indudes catdiing the mandrel upon 
the completion of the extruding. In a preferred embodiment, the method 

20 further includes drilling out the mandrel. In a preferred embodiment, the 
method fiirlhrar indudes supporting the mandrel Mdth coiled tubing. In a 
preferred embodiment, the method further indudes coupling the mandrel to a 
drillable shoe. In a preferred embodiment, tiie fluidic material is injected into 
an expandable diamber. In a preferred embodiment, the expandable chamber 

25 is substantially cylindricaL In a preferred embodimait, the expandable 
chamber is substantially annular. An appaantxa has also been described 
that indudes a wellbore, the wellbore formed by the process of drilling tiie 
wellbore; and a tubular liner positioned within the wellbore, the tubular liner 
formed by the process of extruding the tubular )hxer off of a mandrel while 

30 drilling the wdlbore. In a preferred embodiment, the tubular liner is formed by 
the process of: placing the tubular liner and mandrel within the wdlbore; and 
pressurizing an interior portion of the tubular liner. In a preferr^ 
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embodimeiit^ the interior portion of the tubular liner is pressurized at pressures 
ranging from about 500 to 9^000 psi. In a preferred embodiment^ the tubular 
liner is formed by the process of: placing the tubular liner and mandrel within 
the wellbore; and pressmrizing an interior portion of the mandrel. In a 
5 preferred embodiment, the interior portion of the mandrel is pressurized at 
pressures ranging from about 500 to 9,000 psi. In a preferred embodiment, the 
qjparatus fiirther includes an axmular body of a cured fluidic material coupled 
to the tubular liner. In a preferred embodiment, the annular body of a cured 
fltiidic sealing material is formed by the process of: injecting a body of 

10 hardenable fluidic sealing material into an annular region external of the 
tubular liner. In a preferred embodiment, the tubular liner overlaps with an 
existing wellbore casing. In a preferred embodiment, the apparatus further 
includes a seal positioned in the overli^ between the tubular liner and the 
existing wellbore casing. In a preferred embodiment, the tubular liner is 

15 supported by the overli^ with the existing weUbore casing. In a preferred 
embodiment) the process of extruding the tubidar liner includes the 
pressurizing of an expandable chamber. In a preferred embodiment, the 
expandable chamber is substantially cylindrical. In a preferred embodiment, 
the expandable chamber is substantially annidar. 

20 A method of forming a wellbore casing in a wellbore has also been 

described that includes drilling out the wellbore while forming the wellbore 
casing. In a preferred embodiment, the forming includes: expanding a tubular 
member in the radial direction. In a preferred embodiment, the expanding 
includes: displacing a mandrel relative to the tubular member. In a preferred 

25 embodiment) the displacing includes: expanding an expandable chamber. In a 
inreferred embodim^t) the expandable chamber comprise a cylindrical 
chamber. In a preferred embodiment^ the expandable diamber comprises an 
annnlflT chamber. 

A method of expanding a tubular member has also been described that 
30 includes placing a mandrel within the tubular member, pressurizing an annular 
region within the tubular member, and displacing the mandrel with respect to 
the tubular member. In a preferred embodiment, the method fiirther includes 
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mnoving fluids within the tubular member Hiat are displaced by the 
displacement of the mandrel. In a preferred embodiment^ the removed fluids 
pass inside tiie gn^iular region. In a preferred embodiment, the volume of the 
aTiTiiil flr region mcreases. In a preferred embodiment, the method further 
5 indudes sealing off the annular region. In a preferred embodiment, sealing off 
the flwniilar region indudes sealing a stationazy member and sealing a non- 
stationaiy member. In a preftrarred enobodiment, the method finrther includes 
conveying fluids in opposite directions. In a preferred embodiment, the method 
further indudes conveying a pressurized fluid and a non-pressurized fluid in 

10 opposite directions. In a preferred embodiment, the pressiirizing is provided at 
operating pressiu^es ranging from about 0 to 9,000 psi. In a preferred 
embodiment, the pressurizing is provided at flow rates ranging from about 0 to 
3,000 gallons/minute. 

A method of coupling a tubular miember to preexisting structure has also 

15 been described that indudes positioning the tubular member in an overlapping 
relationship to the preexisting structure, placing a mandrel within the tubtdar 
member, pressurizing an annular r^on within the tubular membw, and 
displacing the mandrel wilh respect to the tubular membw. In a preferred 
embodiment, the method further indudes removing fluids within the tubular 

20 member that are displaced by the displacement of the mandrel. In a preferred 
embodiment, the removed fluids pass inside the annular region. In a preferred 
embodiment, the volxune of the annular region increases. In a preferred 
embodiment, the method finisher indudes sealing off the annidar region. In a 
preferred embodimrat, sealing off the annular region indudes sealing a 

25 stationary member and sealing a non-stationaiy member. In a preferred 
embodiment, the method flurther indudes conv^jong fluids in opi)osite 
directions. In a preferred embodiment, the method further indudra convej^g 
a pressurized fluid and a non-pressiuized fluid in opposite directions. In a 
preferred embodiment, the pressurizing is provided at operating pressures 

30 ranging from about 0 to 9,000 psi. In a prefored embodiment, the pressurizing 
is provided at flow rates ranging from about 0 to 3,000 gallons/minute. 
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A method of repairing a defect in a preesLsting structure using a tubular 
mecobeir has also been described that includes positioning the tubular member 
in an overlapping relationship to the defect in the preexisting structure, placing 
a mandrel within the tubiilar member, pressurizing an anniilar region within 
5 the tubidar member, and displacing the mandrel with respect to the tubular 
member. In a preferred embodiment, the method further includes removing 
fluids within the tubular member that are displaced by the displacemwt of the 
mandrel. In a preferred embodimrat^ the removed fluids pass inside the 
annular r^on. In a prefm^ed embodiment, the volume of the anTnilar region 

10 increases. In a prefenred embodiment, the method further indudes sealing o£^ 
the annular r^on. In a preferred embodiment^ sealing aS the annular region 
includes sealing a stationary member and sealing a non-stationary member. In 
a ]3referred embodiment, the method further includes conveying fluids in 
opposite directions. In a preferred embodiment, the method further includes 

15 conveying a pressurized fluid and a non-pressurized fluid in opposite directions. 
In a preferred embodiment, the pressurizing is provided at operating pressures 
ranging firom about 0 to 9,000 psi. In a preferred embodiment, the pressurizing 
is provided at flow rates ranging from about 0 to 3,000 gallons/minute. In a 
preferred embodiment^ the method furth^ includes sealing the interface 

20 between the preexisting structure and the tubular member at ends of the 
tubular member. 

An £^paratus for radially expanding a tubular member has also been 
described that includes a first tubular member, a second tubular member 
positioned wiiiun the first tubular member, a third tubular member movably 

25 coupled to and positioned within the second tubular member, a first annular 
sealing member for sealing an interface between the first and second tubular 
members, a second anntdar sealing member for sealing an interface between . 
the second and third tubular members, and amandrel positioned within the 
first tubular member and coupled to an end of the third tubular member. In a 

30 preferred embodiment, the apparatus furtiier includes an flitnnlur chamber 
defined by the first tubular memb^, the second tubular member^ the third 
tubular member, the first annular sealing member, the second annular sealing 
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member, and the mandrel. In a preferred embodiment^ the iqiparatus further 
includes an annular passage defined by the second tubular member and the 
third tubular member. In a preferred embodiment, the apparatus further 
includes a fluid passage contained within the third tubular member and the 
5 mandrel. In a preferred enibodiment, the apparatus further includes one or 
more sealing members coupled to an exterior surface of the first tubular 
member. In a prefored embodiment^ the apparatus further includes an 
annular chamb^ defined the first tubular member, the second tubular 
member, the third tubular member, the first annular seating memb^, the 

10 second anntilar sealing member, and the mandrel, and annular passage defined 
by the second tubular member and the third tubular member. In a preferred 
embodiment, the annular chamber and the aimular passage are fluididy 
coupled. In a preferred embodimmt, the apparatus further includes one or 
more slips coupled to the exterior sinr&ce of the first tubular member. In a 

15 preferred embodiment, the niandrel includes a conical surface. In a preferred 
embodiment, the angle of attack of the conical surface ranges firom about 10 to 
30 degrees. In a prefmred embodiment, the conical surface has a surface 
hardness ranging firom about 58 to 62 Rockwell C. 

An apparatus has also been described that includes a tubular member, a 

20 piston adapted to expand the diameter of the tubular member positioned witBin 
the tubular member, the piston including a passage for conveying fluids out of 
the tubidar member, and an annular chamber defined by the piston and tubular 
member. In a preferred embodiment^ the piston includes a conical surface. In a 
preferred embodiment, the an^e of attach of the conical surface ranges fix)m 

25 about 10 to 30 d^rees. In a preferred ennbodiment, the conical siffface has a 
surface hardness ranging firom about 58 to 62 Rockwell C. Inapreferred 
embodiment, the tubular member include one or more sealing members 
coupled to the exterior sturface of the tubular member. 

A weHbore casing has also been described that indudes a first tubular 

30 member and a second tubtdar member coupled to the first tubular member. 
The second tubular member is coupled to the first tubular member by the 
process of positioning the second tubular member in an overlapping 
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relationship to tiie first tubular member^ placing a mandrel within the second 
tubular member, pressurizing an annular region within the second tubular 
member, and displacing the nt^drel with respect to the second tubtilar 
member. In a preferred embodiment, the wellbore casing further includes 
5 removing fluids within the second tubular member that are displaced by the 
displacement of the mandrel. In a preferred embodiment, the removed fluids 
pass inside the annular region. In a preferred embodiment, ihe volume of the 
annular region increases. In a preferred embodiment, the wellbore casing 
furtiier includes sealing off the annular region. In a preferred embodiment, 

10 sealing off the annular region includes sealing a stationary member and sealing 
a non-stationaiy member. In a preferred embodiment, the wellbore casing 
further including conveying fluids in opposite directions. In a preferred 
enobodiment, the wellbore casing fturther includes conveying a pressurized fluid 
and a non-pressurized fltiid in opposite directions. In a preferred embodiment, 

15 the pressxnizing is provided at operating pressmres ranging from about 0 to 
9,000 psi In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallons/minute. 

An ^paratus has also been described that includes a preexisting 
structure and a tubular member coupled to the preexisting structure. The 

20 tubular member is coupled to the preexisting structure by the process of: 
positioning the tubiilar member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 
pressurizing an annular region within the tubular meaher, and displacing the 
mandrel with respect to the tubular member. In a preferred embodiment, the 

25 apparatus furOier includes removing fluids within the tubular member tliat are 
displaced Iqr the displacement of the mandrel. In a prrferred ^nbodiment, the 
removed fluids pass inside the annular r^on. In a preferred embodiment, the 
volume of the annular region increases. In a preferred embodiment, the 
apparatus furth^ includes sealing off the annular region. In a preferred 

30 embodiment, sealing off the annular region includes sealing a stationary 

m&aiber and sealing a non-stationaiy member. In a preferred embodiment, the 
apparatusfurtherindudes conveying fluids in opi)08itedirecti In a 
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preferred embodiment, the apparatus further includes conveying a pressiurized 
fluid and a non<*pressurized fluid in op]K)site directions. In a preferred 
embodiment, the pressurizing is provided at operating pressures ranging from 
about 0 to 9,000 psi. In a preferred embodiment^ the pressurizing is provided at 
5 flow rates ranging from about 0 to 3,000 gallons/minute* 

An apparatus has also been described that includes a preexisting 
structure having a defective portion and a tubtdar member coupled to the 
defective portion of the preexisting structure. The tubular member is coupled 
to the defective portion of the preexisting structure by the process of: 

10 positioning the tubular member in an overlapping relationship to the defect in 
the preexisting structure, placing a mandrel within the tubular menaber, 
pressurizing an annular region within the tubular member, and displacing the 
mandrel with respect to tiie tubular member. In a preferred embodiment, the 
apparatus furth«^ includes removing fluids within the tubular member that are 

15 displaced by the displacement of the mandrel* In a preferred embodiment, the 
removed fluids pass inside ihe annular region. In a preferred embodiment, the 
voltune of the annular region increases. In a preferred embodiment, the 
^paratus further includes sealing off the annular region. In a preferred 
embodiment, sealing off the annular region includes sealing a stationary 

20 member and sealing a non-stationary member. In a preferred embodiment, the 
apparatus further includes conveying fluids in opposite directions. In a 
preferred embodiment, the iq[)paratus further includes conveying a pressurized 
fluid and a non-pressurized fluid in opposite directions. In a preferred 
embodiment, the pressurizing is provided at operating pressures ranging from 

25 about 0 to 9,000 psL In a preferred embodiment, the pressurizing is provided at 
flow rates ranging from about 0 to 3,000 gallonsAninute. In a preferred 
eiobodiment, the apparatus fturtiier includes sealing the interface between the 
preexisting structure and the tubular m^aber at ends of tiie tubular member. 
A method of expanding a tubular member has also been described that 

30 indudes placing a mandrel within the tubidar member, pressurizing a region 
^thin the tubular member, and displacing the mandrd with respect to the 
tubular member. In a preferred raibodimrat, the pressurizing is provided at 
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operating pressures ranging from about 0 to 9,000 psi. Inapr^enred 
embodiment, the pressurizing is provide at flow rates ranging from about 0 to 
3,000 gallons/minute. In a preferred embodiment, the tubular member is 
expanded beginning at an upper portion of the tubular member. 
5 A method of coupling a tubular member to preexisting structure has also 

been described that includes positioning the tubular member in an overlapping 
relationship to the preexisting structure, placing a mandrel within the tubular 
member, pressurizing an interior region within the tubular memb^, and 
displacing the mandrel with respect to the tubular memb^. In a preferred 
10 embpdim^t, the pressiurizing is provided at operating pressures ranging from 
about 0 to 9,000 psL In a preferred embodiment, the pressurizing is provided at 
flow rates ranging from about 0 to 3,000 gallons/minute. In a preferred 
embodiment, the tubular member is e2q)anded beginning at an upper portion of 
the tubular member. 

15 A method of repairing a defect in a preexisting structure using a tubular 

member has also been described that includes positioning <he tubular member 
in an overlapping relationship to the defect in tiie preexisting structure, placing 
a mandrel within tiie tubular member, pressurizing an interior region within 
the tubular member, and displacing the mandrel with respect to the tubidar 

20 member. In a preferred embodiment, the pressurizing is provided at operating 
pressures ranging from about 0 to 9,000 psi. In a preferred embodiment, the 
pressurizing is provided at flow rates ranging from about 0 to 3,000 
gallons/minute. In a preferred embodimimt, the tubular member is expanded 
beginning at an upper portion of the tubular member. In a preferred 

25 embodiment, the method further indud^ sealing the interface between the 
prMxisting structure and the tubular member at both ends of the tubular 
member. 

An apparatus for radiaUy expanding a tubular m^nber has also been described 
that includes a first tubular member, a second tubular member coupled to the 
30 first tubular member, a third tubular member coupled to the second tubular 
member, and a mandrel positioned within the second tubular memb^ and 
coupled to an end portion of tiie third tubular member. In a preferred 
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embodiment^ the mandrel indudes a fluid passage having an inlet adapted to 
receive fluid stop member- In a preferred embodiment, the apparatus further 
includes one or more slips coupled to the erterior surface of the third tubular 
meiDber. In a preferred embodiment, the mandrel includes a conical surface, 
5 In a preferred embodiment, the angle of attack of the conical surface ranges 
&om about 10 to 30 d^rees. In a preferred embodimmt, the conical surface 
has a surface hardness ranging from about 58 to 62 Rockwell C. Inapreferred 
embodiment, the average inside diameter of the second tubular member is 
greater than the average inside diameter of the third tubular member, 

10 An apparatus has also been described that includes a tubular member, a 

piston adapted to expand the diameter of the tubular member positioned within 
the tubular member, the piston including a passage for conveying fluids out of 
i^e tubiilar member. In a preferred embodiment, ilie piston includes a conical 
sturf ace. In a preferred embodiment, the angle of attack of the conical surface 

15 ranges from about 10 to SO degrees. In a preferred embodiment, the conical 
surface has a surface hardness ranging from about 58 to 62 Rockwdl C. In a 
preferred embodiment, the tubular member includes one or more sealing 
members coupled to the exterior siurface of the tubular member. 

A wellbore casing has also been described that includes a first tubular 

20 member and a second tubular member coupled to the first tubtdar member. 
The second tubtdar member is coupled to the first tubular member by the 
process of: positioning the second tubular member in an overlapping 
relationship to the first tubular mraober, pladng a mandrel within the second 
tubular member, pressurizing an interior r^on within the second tubular 

25 member, and 4!?pl«<^^<ff the mandrel with respect to the second tubular 

member. In a preferred embodiment, the pressurizing is provided at operating 
pressures ranging firom about 0 to 9,000 psL In a preferred embodiment^ the 
pressurizing is provided at flow rates ranging from about 0 to 3,000 
gallons/minute. 

30 An apparatus has also been described that includes a ]»reexisting 

structure and a tubular member coupled to the preexisting structure. The 
tubular member is coupled to tiie preexisting structure by the process of: 
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positioning the tubular mexnbet in an ov^lapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 
pressurizing an interior region within the tubular member, and displacing the 
mandrel with respect to the tubular member. In a preferred embodiment, the 
5 pressurizing is provided at operating pressures ranging firom about 0 to 9,000 
psi. In a preferred embodiment^ the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallons/minute. 

An apparatus has also been described tbat includes a preexisting 
structure having a defective portion and a tubular meEnber coupled to the 

10 defective portion oftiie preexisting structure. The tubidar member is coupled 
to the defective portion of the preexisting structure by the process of: 
positioning the tubular member in an overlapping relationship to the defect in 
the preexisting structure, placing a mandrel within the tubular member, 
pressurizing an interior region within the tubular member, and displacing the 

15 mandrel with respect to the tubular member. In a preferred embodiment, tixe 
pressxirizing is provided at operating pressures ranging from about 0 to 9,000 
psi. In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gaUons/minute. In a preferred embodiment^ the 
apparatus further includes sealing the interface between the preexisting 

20 structure and the tubular member at both ends of the tubular member. 

An apparatus also has been described that includes a first tubular 
member, a second tubular member, and a threaded coxmection for coupling the 
first tubular member to tiie second tubular member. The threaded connection 
indudes one or more sealing members for sealing the interface between the first 

25 andsecond tubular members. In a inref erred embodiment, the threaded 
connection oomprises a pin and box threaded connection. In a preferred 
embodiment^ tiie sealing members are positioned a^lacent to an end portion of 
the threaded connection. In a preferred embodiment^ one of the sealing 
memb^ is positioned adjacent to an end portion of the threaded connection; 

30 and wherein anotiiCT one of the sealing members is not positioned adjacent to 
an end portion of the tiureaded connection. In a preferred embodinient, a 
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pluraUly of the sealing members are positioned a4jacent to an end portion of 
the threaded connection. 

An apparatus also has been described that includes a tubular assembly 
having a first tubular member, a second tubular member, and a threaded 
5 connection for coupling the first tubular member to the second tubular 
member. The threaded connection includes .one or more sealing members for 
sealing the interface between the first and second tubular members. The 
tubular assembly is formed by the process of radially expanding the tubidar 
assembly. In a preferred embodimCTt» the threaded connection comprises a pin 

10 and box threaded connection. In a preferred embodiment, the sealing members 
are positioned adjacent to an end portion of the threaded connection. In a 
preferred enobodiment, one of the sealing members is positioned adjacent to an 
end portion of the threaded connection; and wherein another one of the sealing 
members is not positioned adjacent to an end portion of the threaded 

15 connection. In a preferred embodiment, a pltiraUly of the sealing members are 
positioned adjacent to an end portion of the threaded connection. 

An apparatus also has been described that includes a tubular m^nber 
and a mandrel positioned within the tubular member including a conical 
surface have an an^e of attack ranging firom about 10 to 30 degrees. In a 

20 preferred embodiment, the tubular member includes a first tubular member, a 
second tubular member, and a threaded connection for coupling the first 
tubiilar member to the second tubidar member. The threaded connection 
includes one or more sealing members for sealing tiie interface between the first 
and second tubular members. In a preferred embodiment,, the threaded 

25 connection comprises a pin and box threaded connection. In a preferred 
embodiment, the sealing members are positioned adjacent to an end portion of 
tiie threaded connection. In a preferred embodiment, one of the sealing 
members is positioned adjacent to an end portion of the threaded conn^tion; 
and wherein another one of the sealing members is not positioned ai^acent to 

30 an end portion of the threaded connection. In a preferred embodimmt, a 
plurality of the sealing members are positioned adjacent to an end portion of 
the threaded connection. 
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Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is 
contemplated in the foregoing disclosure. In some instances, some features of 
the present invention may be employed without a corresponding use of the 
5 other features. Accordin^y, it is appropriate that the appended claims be 
construed broadly and in a manner consistent with the scope of the invention. 
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CLAIMS: 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting fluidic material into the borehole; 

5 pressurizing a portion of an interior region of Ihe tubular liner; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandrel. 

1 2. An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member including a first fluid passage; 

3 a mandr^ coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubxdar member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe induding a third fluid 

7 passage; 

8 wherein the first, second and third fluid passages are operably coupled. 

13. A method of joining a second tubular member to a first tubular member, 

2 the first tubular member having an inner diameter greater than an outer 

3 diameter of the second tubular member, comprising: 

4 positioning a mandrel within an interior region of Ihe second tubular 

5 member; 

6 pressurizing a portion of the interior r^on of the second tubular 

7 member; and 

8 ^trading at least a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

1 4. A tubular liner, comprising: 

2 an ann ular member, the annular member including: 
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3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief passages at an end portion of the 

6 annular member. 

1 5« A wellbore casing, comprising: 

2 a tubtdar liner, the tubular liner formed by the i»rocess of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured iluidic sealing material coiq>led to the tubular 
6 liner. 

16. A tie-back liner for lining an existing wellbore casing, comprising: 

2 a tubtdar liner, the tubular hner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a mandrel; 

4 and 

5 an annular body of a cured iluidic sealing material coupled to the tubtdar 

6 liner. 

1 7. An apparatus for expanding a tubtdar member, comprising: 

2 a support member including a first fluid passage; 

3 a n[iandrd coupled to the support meDober, the mandrel including: 

4 a second fluid passage opoabfy coupled to the first fluid passage; 

5 an interior portion; and 

6 an extmor portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an expandable tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of tiie shoe is drillable. 
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14 8. A wellhead, comprising: 

15 an outer casing; and 

16 a plurality of substantially concentric and overlapping inner casings 

17 coupled to the outer casing; 

18 wherein each inner casing is supported by contact pressure between an 

19 outer surface of the inner casing and an inn w surface of the outer 

20 casing. 

19. A wellhead, comprising: 

2 an outer casing at least partially positioned within a wellbore; and 

3 aplurality of substantially concentric inn^ casings coupled to the 

4 interior surface of the outer casing by the process of expanding 

5 one or more of the inner casings into contact wil^ at least a 

6 portion of the interior surface of the outer casing. 

1 10. A method of forming a wellhead, comprising: 

2 drilling a wellbore; 

3 positioning an outer casing at least partially within an upper portion of 

4 the wellbore; 

5 positioning a first tubular member within the outer casing; 

6 expanding at least a portion of the first tubular member into contact 

7 withaninteriorsurfaceof the outer casing; 

8 positioning a second tubular member within the outer casing and the 

9 first tubular member; and 

10 expanding at least a portion of the second tubular member into contact 

11 with an interior portion of the outer casing. 



An apparatus, comprising: 
an outer tubular member, and 

a plurality of substantially concentric and overlapping inner tubular 
members coupled to the outer tubular member; 



1 11. 
2 
3 
4 
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5 wherein each inner tubular member is supported by contact pressure 

6 between an outer surface of the inner casing and an inner surface 

7 of the outer inner tubular member* 

1 12. An apparatus, comprising: 

2 an outer tubular member; and 

3 a plurality of substantiaUy concentric inner tubular members coupled to 

4 the interior surface of the outer tubular member by the process of 

5 expanding one or more of the inner tubular members into contact 

6 with at least a portion of the interior surface of the outer tubular 

7 member. 

1 13. A wellbore casing, comprising: 

2 a first tubular member; and 

3 a second tubular member coupled to the first tubular memb^ in an 

4 overlapping relationship; 

5 wherein the inner diameter of the first tubular member is substantially 

6 equal to the inner diameter of the second tabular member. 

1 14. A wellbore casing, comprising: 

2 a tubular member including at least one thin wall section and a thick 

3 wall section; and 

4 a compressible nT^n"^^^' member coupled to each thin wall section. 

1 15. A method of creating a casing in a bordiole located in a subterranean 

2 formation, comprising: 

3 supporting a tubular liner and a mandrel in the borehole using a support 

4 member; 

5 injecting fluidic material into the borehole; 

6 pressmrizing an interior region of the mandrel; 

7 displacing a portion of the mandrel relative to the support member, and 

8 radia%ezpandingthetubidar liner. 
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1 16. A wellbore casing, comprismg: 

2 a first tubtdar member having a first inside diameter; and 

3 a second tubular member having a second inside diameter substantially 

4 equal to the first inside diameter coupled to the first tubular 

5 member in an ov^lapping relationship; 

6 wherein the first and second tubular members are coupled by the process 

7 of deforming a portion of the second tubular member into contact 

8 vdth a portion of the first tubidar member. 

1 17. An apparatus for expanding a tubular member, comprising: 

2 a support member including a fluid passage; 

3 a mandrel movably coupled to the support member including an 

4 spansion cone; 

5 at least one pressure chamber ddBned by and positioned between the 

6 support member and mandrel fluididy coupled to the first fluid 

7 passage; and 

8 one or more releasable supports coupled to the support member adapted 

9 to support the tubular member. 

1 18. An apparatus, comprising: 

2 one or more solid tubular members, each solid tubular member including 

3 one or more external seals; 

4 one or more slotted tubular members coupled to the soUd tubtdar 

5 members; and 

6 a shoe coupled to one of the slotted tubular members. 

1 19. Amethodof joining a second tubiilar member to a first tubiilarmembCT, 

2 the first tubular member having an inner diameter greater than an outer 

3 diameta of the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the iaterior r^on of the.mandrel; 
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7 displacmg the mandrel relative to the second tabidar member; and 

8 extruding at least a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

1 20. An apparatus, comprising: 

2 one or more primary solid tubulars, each primary solid tubular including 

3 one or more esctemal annular seals; 

4 n slotted tubulars coupled to the primary solid tubulars; 

5 n-1 intermediate solid tubulars coupled to and interleaved among the 

6 slotted tubulars, each intomediate solid tubular induding one or 

7 more external annular seals; and 

8 a shoe coupled to one of the slotted tubulars. 

1 21. A method of isolating a first subterranean zone jSrom a second 

2 subterranean zone in a wellbore, comprising: 

3 positioning one or more primary solid tubulars within the wellbore, the 

4 primary solid tubulars traversing the first subterranean zone; 

5 positioning one or more slotted tubulars within the wellbore, the slotted 

6 tubulars traversing the second subterranean zone; 

7 fltudidy coupling the slotted tubulars and the solid tubulars; and 

8 preventing the passage of fluids firom the first subterranean zone to the 

9 second subterranean zone within the wellbore external to the solid 
10 and slotted tubulars. 

1 22. A niethod of extracting material firom a producing subterranean zone in 

2 aweUbore,atleastaporticnof the wellbore induding a casing, comprising; 

3 positioning one or more primary solid tubulars within the wellbore; 

4 fluididy coupling the primary solid tubulars with tiie casing; 

5 positioning one or more slotted tubulars within the wellbore, the slotted 

6 tubulars traversing the producing subterranean zone; 

7 fluididy coupling the slotted tubulars with the solid tubulars; 
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8 fluidicly isolating the produdng subterranean zone from at least one 

9 other subtdrranean zone within the wellbore; and 

10 fluidicly coupling at least one of the slotted tubulars from the producing 

1 1 subterranean zone. 

1 23. A method of creating a casing in a borehole while also drilling the 

2 borehole, comprising: 

3 installing a tubular liner, a mandrel, and a drilling assembly in the 

4 borehole; 

5 injecting fluidic material within the tubular liner, mandrel and drilling 

6 assembly; 

7 radially ^panding at least a portion of the tubxilar hner; and 

8 dnlling the borehole using the drilling assembly. 

1 24. An apparatus, comprising: 

2 a support member, the support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubidar member coupled to the mandrel; and 

6 a shoe coupled to the tubular hner, the shoe including a third fluid 

7 passage; and 

8 a drilling assembly coupled to the shoe; 

9 wherein the first, second and third fluid passages and the drilling 
10 assembly are operably coupled. 

1 25. Ametfaodof forming an underground pipeline within an undei^ound 



2 tunnel including at least a first tubular member and a second tubular member, 

3 the first tubular member having an inner diamet^ greater than an outer 

4 diameter of the second tubular member, comprising: 



5 positioning the first tubular member within the tunnel; 

6 positioning the second tubular membv within the tunnel in an 

7 overlapping relationship with the first tubular member; 
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8 positioning a mandrel and a drilling assembly witJiin an interior region of 

9 the second tubtilar member; 

10 injecting a fluidic material within the mandrel, drilling assembly and the 

11 second tubular member; 

12 extruding at least a portion of the second tubular member off of the 

13 mandrel into engagement with the first tubidar member; and 

14 drilling the tunnel. 

1 26. An ^paratus, comprising: 

2 a wellbore, the wellbore formed by the process of drilling the wellbore; 

3 and 

4 a tubular liner positioned within the wellbore, the tubular liner formed 

5 by the process of extruding the tubular liner off of a mandrel while 

6 drilling the wellbore. 

1 27. A method of opanding a tubular member, comprising: 

2 placing a mandrel within the tubular member; 

3 pressurizing an annular region within the tubular member; and 

4 displacing the mandrel with respect to the tubular member. 

1 28. Ameliiodof coupling a tubular member to preexisting structure, 

2 comprising: 

3 positioning the tubular member in an overlapping relationship to tixe 

4 preexisting structure; 

5 placing a mandrel within the tubular member; 

6 pressurizing an annular region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 29. A method ofrepairing a defect in a preexisting stnicture using a tubiil^ 

2 member, comprising: 

3 positioning tiie tubular member in an ovoliqpping relationship to the 

4 defect in the preexisting structure; 
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5 placing a mandrel within the tubular member; 

6 pressurizing an annular region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 30. An apparatus for radially expanding a tubular member, comprising: 

2 a first tubular member; 

3 a second tubular member positioned within the first tubular member; 

4 a third tubular member movably coupled to and positioned within the 

5 second tubular member; 

6 a first annular sealing member for sealing an interface between the first 

7 and second tubular members; 

8 a second annular sealing member for sealing an interface between the 

9 second and third tubidar members; and 

10 a mandrel positioned within the first tubidar member and coupled to an 

11 end of the third tubular member. 

1 31. An apparatus, comprising: 

2 a tubular member; 

3 a piston adapted to expand tiie diameter of the tubular member 

4 positioned wilhin the tubular member, the piston including a 

5 passage for conveying flxiids out of the tubular member; and 

6 an flnn iilar chamber defined by the piston and tubular member. 

1 32. A wdlbore casing, comprising: 

2 a first tubidar mCTiber; and 

3 a second tubular member coupled to the first tubular member by the 

4 process of: 

5 positioning the second tubular member in an overlapping 

6 relationship to the first tubular member 

7 placing a mandrd within the second tubular member; 

8 pressurizing an annular r^on within the second tubular member; 

9 and 
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10 displacing the mandrel witii respect t6 the second tubular 

11 member. 

12 33. An apparatus, comprising: 

13 a preexisting structure; and 

14 a tubidar member coupled to the preexisting structure by the process of: 

15 positioning the tubular member in an overlapping relationship to 

16 the preexisting structure; 

17 placing a mandrel iwithin the tubular member; 

18 pressmizing an annular region within the tubular member; and 

19 displacing the mandrel with respect to the tubular member. 

1 34. Ani^paratus, comprising: 

2 a preexisting structure having a defective portion; and 

3 a tubular member coupled to the defective portion of the preexisting 

4 structure by the process of : 

5 positioning the tubular member in an overliqpping relationship to 

6 the defect in the preexisting structure; 

7 placing a mandrel within the tubular member; 

8 pressurizing an annular region within the tubular member; and 

9 displacing the mandrel with respect to the tubular member. 

1 35. A method of egqwrnding a tubular member, comprising: 

2 placing a mandrel within the tubular membar; 

3 pressurizing a r^on within the tubular member; and 

4 displacing the mandrel witii respect to the tubular member. 

1 36. Amethodof coupling a tubulu member to preexisting structure, 

2 comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 preexisting structure; 

6 placing a mandrd within Hie tubular member; 

• 291- 



25791.23.02 



6 pressurizing an interior region within the tubular member; and 

7 displacing the mandrel with respect to the tubular memb». 

1 37. A method of repairing a defect in a preexisting structure using a tubular 

2 member, comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 defect in the preexisting structure; 

5 placing a mandrel within the tubular member; 

6 pressurizing an interior region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 38. An apparatus for radially expanding a tubular member, comprising. 

2 a &st tubular member; 

3 a second tubular member coupled to the first tubular member; 

4 a third tubular member coupled to the second tubular member; and 

5 a mandrel positioned within the second tubular member and coupled to 

6 an end portion of the third tubular member* 

1 39. An apparatus, comprising: 

2 a tubular member; 

3 a piston adapted to expand the diameter of the tubidar member 

4 positioned within the tubular member* the piston including a 

5 passage for conveying fluids out of the tubular member. 

1 40. A wellbore casing, comprising: 

2 a first tubular member; and 

3 a second tubular member coupled to the first tubular member by the 

4 process of: 

5 positioning the second tubular member in an overlapping 

6 relationship to the first tabular member 

7 placing a mandrel within tiie second tubular member; 
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8 pressurizing an interior r^on within the second tabular member; 

9 and 

10 displacing the mandrel mtk respect to the second tubtdar 

11 member. 

1 41. An f^paratusy comprising: 

2 a preexisting structure; and 

3 a tubular member coupled to the preexisting structure by the process of: 

4 positioning the tabular member in an overlapping relationship to 

5 the preeristing structure; 

6 placing a mandrel within the tubular member; 

7 presstxrizing an interior region Mdthin the tubular member; and 

8 displacing the mandrel with respect to the tubular member. 

1 42. An apparatus, comprising: 

2 a preexisting structure having a defective portion; and 

3 a tubular membs coupled to the defective portion of the preexisting 

4 structure by the process of: 

5 positioning the tubular member in an overlapping relationship to 

6 the defect in the preexisting structure; 

7 placing a mandrel within the tubular member; 

8 pressurizing an interior r^on within the tabular member; and 

9 displacing the mandrel willi respect to the tubular member. 

1 43. An apparatus, comprising: 

2 a first tubtdar memb^ 

3 a second tubular member, and 

4 a threaded connection for coupling the first tubular member to the 

5 second tubular member, the threaded connection including: 

6 one or mon sealing members for sealing the interface between the 

7 first and second tubular members. 
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1 44. The^]>arattisof daim 43, wherein the threaded comprises a 

2 pin and box threaded connection. 

1 45. The apparatus of claim 43^ wherein the sealing members are positioned 

2 adjacent to an end portion of the threaded connection. 

1 46. The apparatus of daim 43, wherein one of the sealing members is 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 anothOT one of the sealing members is not positioned adjacent to an end portion 

4 of the threaded connection. 

1 47. The apparatus of daim 43, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded connection. 



1 48. An apparatus, comprising: 

2 a tubular assembly induding: 

3 a jBrst tubular member; 

4 a second tubular member; and 

5 a threaded connection for coupling the &st tubular member to the 

6 second tubular member, the threaded coxmection induding: 

7 one or more sealing members for sealing the interface 

8 between the first and second tubular members; 

9 wherein the tubular assembly is formed by the process of radially 
10 expanding the tubular assembfy. 

1 49. The apparatus of daim 48, wherdn the tiureaded connection comprises a 



2 pin and box threaded connection. 

1 50. The apparatus of claim 48, wherein the sealing members are positioned 

2 adjacent to an end portion of the threaded connection. 
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1 51. The apparatus of daim 48, wherein one of the sealing members is 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned adjacent to an end portion 

4 of the threaded connection. 

1 52. The s^paratus of daim 48, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded connection. 



1 53. An apparatus, comprising: 

2 a tubular member; and 

3 a mandrel positioned within the tubular member induding a conical 

4 surface have an angle of attack ranging from about 10 to 30 

5 degrees. 

1 54. The apparatus of daim 53^ wherein the tubular member indudes: 

2 a first tubular memb«; 

3 a second tubular member; and 

4 a threaded connection for coupling the first tubular member to the 

5 second tubular member, the threaded coimection induding: 

6 one or more sealing members for sealing the interface between the 

7 first and second tubular members. 

1 55. The ai^>aratus of daim 53, wh^ein the threaded connection comprises a 



2 pin and box threaded connection. 

1 56. The apparatus of daim 53, wherein the sealing m^nbers are positioned 

2 adjacent to an end portion of the threaded connection. 

1 57. The apparatus of daim 53, wherein one of the sealing members is 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned ax^jacent to an end portion 

4 of the threaded connection. 
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1 58. Theappaintasof daim 53, wherein a pluraUty of the sealing me^ 

2 are positioned adjacmt to an end portion of the threaded connection. 
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